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INTERNAL BLAST DAMAGE MECHANISMS COMPUTER PROGRAM

. Prepared by:
James F. Proctor

ABSTRACT: A computer program has been developed at NOL that describes
the shock and blast loading characteristics of the detonation of a

high explosive projectile internal to an alrcraft structure; both

shock wave and confined-explosion gas pressure loads are considered.
Vith certain modifications, the program can be made applicable to any
internal explosion irrespective of the type of confining configuration,
e.g., a naval ship compartment, land vehicle, or building structure.
Discussions are given on the general use and content of the progranm,
the input options available in the code, and the technical aspects of
the calculational methods used to determine shock loading functions,
confined-explosion gas pressure, venting of the confined gasas, and
damage propagation to other areas of the aircraft. Comparisons of ¢ode
results with available experimental data are presented to demonstrate
the justifiable confidence in the use of the code on alrcraft problems.
Complete docuientation of the code is given together with results of
sample problems that show the various features of the code and the
readily usable form of the resultant loading information.
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Internal Blast Damage Mechanisms Compufer Program

The work described in this report was performed under NOL Task
594/W-PAFB, Internal Blast Mechanisms under the .sponsorship of the
Survivability-Vulnerability Branch, Prototype Division, Air Force
Flight Dynamics Laboratory, Wright-Patterson AFB (MIPR FY1456-71-
00011). The objective of this task was to develop a computer program
for describing tlast characteristics associated with the detonation
of a high explosive projectile internal to an aireraft structure.

It 1s expected that this program will become an item in the component
damage data bank under development by the Aerial Target Vulnerabllity
Program of the Joint Technical Coordinating Group for Munitions
Effectiveness.

The author wishes to acknowledge the able assistance received from
his fellow staff workers, T. O. Anderson, W. S. Filler, D. Lehto,
and C. Richmond, in the technical development of the computationzl
methods used in this program. A particular debt of gratitude is
owed to Mr. Lehto who programmed this code and assisted in the
preparation of the user's gulde in Chapter 7 and the attached
appendices.

This report is also available as 61 JTCG/ME-73-3.
ROBERT WILLIAMSON II

Captain, USN
Commander
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SUFMARY AND CONCLUSIONS

Assessment of damage to aircraft structures from the detonation
of explosive projectiles internal to the aircraft requires a detalled
knowledge of the dynamic pressure lcads applied to various structural
elemerts. NOL has developed a computer progrzm that is capable of
generating characteristic blast loading parameters associated with
confined explosions in a form readiiy usable by aircraft design
engineers and vulnerability analysts. Existing state-of-the-art
explosion theory and experimental data were used as the basis for tle
shock wave calculations available in the code. An improved method
of predicting the confined-explosion gas pressure that exists after
shock dissipation was developed especially for this code. Any size
explosion can be treated by the code for any ambient altitude condition
up to and above 50,000 ft, and the code includes the blast prcperties
of scme 29 different explosives including mono, composite, and alu-
minized varieties.

The computer program analytically divides the internal explosion
into t#o damzging mechanisms--the shock wave and the confined-
explosion gas pressure. For the shock wave it generates the incident
and normally reflected pressure-time histories znd .mpulses for the
positive phasc duration at a specified distance from the explosion.
Existing dzta and theory were used to develor the shock calculational
model. The cocde reduces the shock calculation for a1l cases to the
reference data from a free-fleld, bare, spherical 1-1b TNT explosion.
Variables that affect airblast which are included in the code for
establishing an equivalent THT spherical explosion zre (1) explosive
welght, (2) type of cxplosive, (3) cyiindrical charge geometry,

(4) case weight of the projectile, and (5) ambient pressure and
temperaturce at the location in the aircraft where the explosion occurs.
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Tor an explosion internal to a confining structure or compartment,
a long-duration quasi-static pressure exists after dissipation of
the shock wave. The maximum value of the pressure, defined as the
confinred-explosion gas pressure, is dependent on these parameters;

(1) weight of explosive, (2) type of explosive (chn.wmical composition),
(3) volume of compartment, and (4) pressure and temptrature of the
ailr initially in the compartment. Because of the inadequacies of
existing methods of calculating the conflined-explosion gas pressﬁre,

a technique was developed especlally for this program that follows
the energy generation of the chemical reactions and the changes

in gas properties as the ceconfined-explosion gas pressure is developed.
In a2 completely closed compartment or structure, L.2at loss to the
surrounding walls is the only mechanism for reducing the pressure in
time, but this phenomenmis neglected in this program because of the
very long cdurations involved. However, for the aircraft structure,
there will be openings or vent areas through which the confined gases
can escape such as the initlal opening due to entry of the projectile
into the compartment and any fi-agment penetr~tion openings. Also the
pressure can change abruptly due to wall fallure of the compartment
which introduces a new compartment volume. The computer program
calculates the variation of the confined-explosion gas pressure with
time for venting and such volume changes. Vent area and volume
changes are controlled by input damage criteria for compartment wall
failure.

In additicen to the technical description of the calculational
models contained in the computer program, a user's gulde and complete
documentation of the code are given in the text of the report and the
attached appendices. Also nine sample problems are presented that
demonstrate the many options and features of the program.

Although no single set of experimental data was availlable to
compare with the overall code performance, each individual calcula- }
tional nmodel was tested against pertinent experimental data. Suf-
ficient shock and confincd-explosion gas pressure data were found
for comparison, and the agreement with code predictions in these
cases was exccllent. It 1s concluded that the calculational models

-
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for these most important aspects of the internal blast loading can
be used with justifiable confidence. Whereas the pressure-time
decay of the confined-explosion gas pressure due to venting has
been verified with limited data, the introduction of volume changes
has not been tested. The method for treating instantaneous volume
changes 1s based on fundamental thermodynamic relations, thus there
is no reason to believe that this section of the calculation detracts
from the use of the code for general aircraft internal blast problems.
The computer program has wide range potential for use in studies of
structural response of any military or civilian system to an internal
explosion bte it aircraft, naval ship, land vehicle, or building
structure. Although 1t 1s adequate for the aircraft problems for
which 1t is presently designed, there are five areas 1n the code that
require additional study and possible modifications before its
generality can be claimed for large explosions in large structure
compartments such as ship compartments and bullding rooms. These are
(1) multiple shock reflections from surrounding walls, (2) heat
losses to surrounding walls that might reduce the confined-explosion
gas pressure to a significant degree for large structures, (3) variable
backpressure to the venting process, (4) gas pressure-time history
where mixing of gases after wall fallure occurs in a finite time
interval, and (5) subsequent chemical reactions with the air in adja-
cent compartments after wall fallure if complete combustion is not
achieved in the initial ccompartment. With modification to the code
reflecting the above suggested studies, it is believed this computer
code could evolve as a general service-wide tool for the investigations
of structural response to internal explosion loading.
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CHAPTER 1
INTRODUCTION

One of the current ongoing tasks of the Aerial Target Vulnera-
bility (ATV) Program of the Joint Technical Coordinating Group for
Munitions Effectivenctss (JTCG/ME) has been the development of a
component damege data bank. An item defined in this data bznk is thre
vulnerability cf aircraft to internal blast from high explosilve
projectiles. Under the direction of the Survivability-Vulnerability
Branch, Prototype Division, Air Force Flight Dynarnics Laboratory
(AFFDL), the objectives of this task are (1) to define the internal
blast loading characteristics from a high-explosive projectile,

(2) to determine the damage to aircraft structures, and (3) to assess
the vulnerability of these structures to internal blzst effects.

The Naval Ordnance Laboratory (MOL) was assigned the technical
solutiocn of.the first task problem area, namely, to define the
internal blast loading characteristics.

Specifically, the objective of the NOL program was to develop
mathematical and graphical techniques for describing blast character-
istics assocliated with the detonation of a high explosive projectile
internal to an aircraft structure. Existing state-of-the arct
experinmental data and explosion theory were to be combined using
sound engineering judgment to provide a computer progrem capable
of generating characteristlec shock wave and blast loading from an
explosion internel to an aireraft. Execution of the computer program
and the resultant loading functlons were to be in a form readily
usable by aircraft design engineers and vulnerability analysts.

Although this task was directed to the solution of the aircraft
problem, the concepte, content, and format of the resultant computer
code can be related to any military cr civilian system be it aircralc,
naval ship, land vchicle, cor building structure. The code was
structured to accommodate easy modification for any new system.
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Vith usage on response problems for structures other than aircraft,
it is hoped that a more complete internal blast loading computer
program will evolve for general use.
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CHAPTER 2

GENERAL DESCRIPTION AND LIMITATIONS OF
COMPUTER PROGRAM

Assume that a high explosive 1s detonated 1n a closed structure
of some arbitrary geometry with a small vent opening. If a pressure
sensor were to be placed on the wall of the structure, it would
indicate a pressure-time history of the type shown in Figures 2.1(a)
and (b). On an expanded time scale (a), one would note the initial
peak reflected shock overpressure, APr’ followed by subsequent
reflected shock pulses from the adjacent confining wall of the
structure. The oscillations would dissipate leaving a quasi-statilc
overpressure, APS’ created by the heated gases contained in the
structure; this pressure 1s defined as the confined-explosion gas
pressure. On a reduced time scale (b), the shock refdections would
appear as high spikes near time zero. The'confined-explosion gas
pressure, APg, would be clearly established on this time scale.

Even for a completely closed structure, the gas pressure would
slowly decrease in time due to heat losses to the surrounding
structure walls. For a structure with some openings through which
venting could occur, the gas pressure would decay much more rapidly.

An accurate description of the pressure-time history during the
multiple reflected shock phenomena in a closed structure of arbitrary
configuration was far beyond the scope of this program effort and
economically beyond the scope of any three-dimensional hydrodynamic
code. For this reason the shock wave calculations in this program
are limited to the incident and normally reflected pressure-time
shock, depicted in Figure 2.1 (c¢), arriving initially at a point
on the structure wall. It is believed that the normally reflected
pressure-time shock history and associated refliected impulse is
sufficlent to provide a meaningful index in determining the local
structural response to shock wave loading. Further it is believed
that the predominant damaging mechanism from an internal explosion

3
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is the confined-explosion gas pressure. For most applications, the
structure wall can be treated as though it were given an initizl
velocity by the shock wave as an initizl boundary condition. Sub-
sequent loading on the structure is defined by the confined-explosicn
gas pressure which is handled as a separate loading phencmenon '
compietely decoupled from the shock wave.

The initlal rmagnitude of the confined-explosion gas pressure
is determined from a tecnhnique developed specifically for this
program, which will be desci*ibed in detall in a subsequent chapter.
Relztive {0 the slower plastic response time of a typical zircraft
structure, it 1is assumed that the confilned-explosion gas pressure,
APg, depictea in Figure 2.1 (d) 1s developed instartaneously in time.
In other words, the chemical reaction of the explosion gas products
with the surrounding air in the initial confines of the structure
and the heat transfer to the resultant gas mixture are assumed to
occur instantaneously to develop the confined-explosicn gas pressure.
This pressure decreases in time due to venting through availzable
openings crezated by the initial entry of the prejectile into the
structure, subsequent openings from fragment penetrations, and any
normal structural openings such as cable passageways. Venting cal-
culaticns assume a constant back pressure equal to atmospheric
conditions outside the aircraft since most leakage would occur
through fragment pnenctrations in the aircraft skin. FKeat losses to
the structure walls that could reduce the gas pressure are neglected
because (1) significant heat loss would require times much larger
than the plastic response times of the structures associated with the
typical small aircraft compartments and (2) pressure decreases much
more raplidly from venting through even the small projectile penetra-
tion opening than from heat locses.

Provisions are made to account for sudden changes in ges
pressure due tc structurazl failure resulting in rapid expansion intc
an adjacent compartmont. It is assumed for thesc calculations that
the change in pressure 1g instantaneous relative to the mucﬁ slower
plastic response times of the alrerai't structures. Also in general
the small compartment sizes in an aircraft structure would indicate
a rapld statlilization of pressures 1f comportment walls falled. ;

ki <Rl P : i 2 i
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In summary to this point, four assumptions have been made that
may limit the use of this computer code to aircraft only. They are:
(1) multiple shock reflections are neglected--only the initial shock
serves as a damage index, (2) no variation in venting back pressure
occurs, (3) heat losses to structure walls are neglected, and (4)
instantaneous change in pressure occurs with compartment wall failure
pronagation. Whereas it is believed that these assumptions do not
significantly restrlct the study of aircraft response t- internal
blast, g2neral application of this computer program directly to other
structures, such as ships and buildings, may be hampered by these
assumptions. Therefore, flexibility in code construction has been
provided tn allow for easy and efficient modification to those
sections that would be affected by alterations to these assumptions.

The basis for thls entire study was existing state~of-the-art
theory, analytical methods, and experimental data for explosions.
When directed to the problem of internal blast, these in themselves
introduce limitations in terms of applicability, and some are open
to interpretation even by explosion experts. Since the prime users
of this code probably will not be people with background in explosion
effects, all pertinent explosion properties are self-contained in the
code. Only the type and amount of explosive are required as input
to the code. In calculations where limitations arising from theory
and data deficiencies are encountered, caution statements are clearly
indicated in the output statements for the user's benefit.

The next four chapters present the technical aspects of the
calculational methods contained in the code hcluding theoretical and
experimental background, certain operational procedures, and explana-
tions of the more important features and options in the code. Com-
parisons of code predlctions with available experimental data are
also given in these sections. Chapter 7 and the attached appendices
represent a user's guide or manual for the detailed content and
operation bf the code. Also a number of sample problems are included
in this code documentation section to acquaint the user with the
various options available in the code.
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TYPICAL TRACES FROM ACTUAL INTERNAL EXPLOSION
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CHAPTER 3
INPUT DATA REQUIREMENTS

Explosive Paramecters. For a typical high explosive projectile},only

four of 1ts properties are required as input to the computer program.

They are: (1) weight of explosive, (2) type of explosive (3) length

to diameter ratio of charge, and (4) metal case welght to charge

weight ratio. Incorporated in the code are the pertinent properties
of 24 types of explosives (Ref. (1)). Table 3.1 gives the coded
properties of these 24 explosives plus 3 mono explosives that are
rarely used alone as the main charge. The properties of aluminum

‘: ' and a common wax binder are also added. If the desired explosive

- 1s contained in this table, it is necessary only to input the index

number to specify the explosive type. If one wishes to input an
explosive not .. the table, an index number of 0 is used and the

4 required explosive properties must be specified. However, if for

3 some reason the energy equivalent weight is not known, a zero for

this quantity will permit shock calculations Lo be made with an

Q equivalent welight of one--the same as for TNT. A dlagnostic statement

wlll appear in the output--"WFACT IS NOT KNOWI, 1.0 IS USED"--which

%ﬁ means the shock calculations are equal to those for TNT. If the

' desired explosive is a mixture of components in Table 3.1, an index
nunber of -1 is used and the weight fraction of each component must
be specified. Again the energy equivalent welight may not be known,
but it can be handled in the same manner as before by letting the
equivalent weight equal zero. The only restriction on the type of
explosive used in this program is that the explosive must be of
C-H-N-O form with aluminum as the only possible metallic acditive.

It should be noted that this restriction arises from the confined-

. explosion gas pressure calculations; and as it will be discussed in
subsequent chapters, this restriction has no obvious theoretical
basis but must btz invoked tecause of the lack of experimental data
on other metallic additives or non-C-H-N-O explosives

7
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The computer program is capable of making corrections for
cylindrical charge shape factors for length to diameter ratios
(L/D) between 2 and 10. This is sufficiently general to accommodate
most common antl-aircraft projectiles. If the‘L/D ratio i1s less
than 2 as input, the code will treat the charge as spherical.

To account for effects of metal casing on the degradation of
the shock wave, it 1s necessary to input the case weight to charge
weight ratio (Ii/C) for the weapon. The total case weight (case,
nose, fins, and fuze) should not be used in determining the ratio.
Rather, 1t 1s recommended that only the case weight immediatel;
adjacent to the explosive charge in the radial direction be used.

Initial Conditions in Structural Compartment. In order to calculate
internal biast characteristics, it 1s necessary to specify the
initial geometric properties of the structural compartment in which

the explosion occurs and of the air that 1is confined in the compartment.

Specifically for this computer program, they are (1) initial amblent
pressure and temperature of the confined air (air is treated con-
ventionally as 79% N2 and 21% 02 by volume), (2) initial gas volume
of the compartment, (3) initial vent area for confined gases (would
include opening from projectile entry and additional openings from
fragment penetrations}, and (4) ambient pressure or backpressure
against which venting would occur, i.e., air pressure outside the
compartment. If the ambient conditions of items (1) and (4) are the
same as those for alr at the altitude at which the aireraft is
located, only the altitude of the alrcraft need be specified. For
thls case the computer code has the 1959 ARDC standard atmosphere
taken from reference (2) as a subroutine for determination of the
initial amblent pressure and temperature.

Shock Calculations. To make any shock calculation, the distance

from the point of detonation to a desired location in the compartment
must be designated. Specifically for this problem, this distance

is measurcd radially from the point of detonation to the point on

the structure wall where shock pressure-time information is desired.
As input to the code the total number of different distances of
interest must be specified, followed by a list of these desired

8
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distances. In this manner the variation of shock‘loading as a
function of location on a particular structural wall can be
determined. There are two options in the code that must be specified
as input depending on the type of 'shock and confined-~explosion gas
calculations desired. For normal code operation where both shock

and confined-explosion gas pressure calculations are of interest,
option 1 is used with the number and list of distances. However,

if shock calculaticns are not desired, then option 1 1is used and the
number of distances is set to 0, and the shock calculation section
of the program is bypassed. On the other hand, i1f one wishes to
examine only shock calculations, option 2 is used with the number ard
list of distances, and the confined-explosion gas pressure section
of the program is bypassed.

Volume and Vent Area Chanses. It is quite possible that damage to

an aircralt from an internal projectile explosion will propagate

beyond the confines of the initial compartment where detonation

Ooccurs, Excessive shcck loading or confinred-explosion gas pressure
may fail a compartment wall allowing the confined gases to propagate

to an adjacent compartment. If this pressure remains excessive,
additional wall failures may occur with the subsequent spread of

the confined gases. As the gases propagate to different compartments
and occupy larger volumes, the pressure is reduced. When the confired-
explosien gas pressure has decreased to the point where wall failure
does not occur, the damage propagation stops. Although a structural
response code will eventually be interfaced with this blast loading
code to assess the damage propagation to these pressure loads, a
skeleton format is provided in this code to allow for an initial
examination of the propagation phenomena. As an example, take the

box structure represented in Flgure 3.1 where the initial explosion
occurs in the compartment with the circled X. Through wall, failure
(sides with cross-lines), the damage may propagate to compartments i,
B, and C. It is necessary to specify certain conditions that control
the damage propagation such as wall failure criteria and the amount

and condition of the air in the adjacent compartments. There are i
three options available in the code to speclfy desired characteristics

of compartment wall failure. H
9
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The table in Figure 3.1 is an example of fallure criteria

option 3. ,Intérpretation of this input table to the computer program .

is as follows. (1) If the confined-explosion gas pressure in the

*initial compartment is above U5 psia 0.15 sec after detcnation, the .

wall fails allowing the gases to mix with 4 ft3 of air at 14.7 psia
and 20°C in compartment A and providing an arbitrary additional vent
area of 0.00545 fte. (2) If the gas pressure after mixing with air
in compartment A is above 20 psia 0.60 sec after detonation, the
next wall fzils exposing compartment B which hasllft3 of 14.7 psia,
20°C air and an additional arbitrary vent area of 0.00545 fta.
(3) If the gas pressure after mixing in compartment B is above 19 psia,
wall fallure occurs involving compartment C, etc. Option 3 offers
both pressure and response time control on damage criteria. If at any
step the pressure is below the tabulated value at the specified time,
propagation stops. For example, if the pressure is below 20 psia
at 0.60 sec after detonation, damage does not propagate to compart-
ments B or C.

Damage criteria options 1 and 2 are simplified versions of
the above. Option 1 specifies only the pressure fallure levels with
wall failures occurring instantaneously in time. Option 2 specifies
only the time of failure irrespective of pressure level. Both of
these options, like option 3, require as input the volume and ambient
conditions of the air in the various compartments and any additional
vent area.
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FAILURZ  FAILURE ADDITIONAL ADDITIONAL  AMBIENT AMBIENT

PRESSURE TIME VOLUME AREA PRESSURE  TEMPERATURE
(PSIA) (SEC) (CU FT) (SQ FT) (PSIA) (C)
45 .15 4 .00545 14.7 29
2 .60 4 +90545 14.7 2
19 .80 4 "0 4.7 20

FIG. 3.1 EXAMPLE OF FAILURE CRITERIA RESULTING IN VOLUME AND
VENT AREA CHANGES

11
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TABLE 3.1
LIST OF EXPLOSIVE PROFERTIES
(BASED ON DATA FROA: REF, 1)
EQUIVALENT |  HEAT OF WEIGHT FRACTIONS OF
INDEX EXFLOSIVE WEIGHT | FORMATION COMPONENTS
NUMBER NAME f, (CAL/GM) o A N | O 1 AL

1 TNT 1.00 ~78.40 0.370 | ¢.022 | 0.185]0.423 | o

2 TNETB 1.13 -307.1 0.18 | 0.017 { 0.217 |0.580 | o

3 EXPLOSIVE D 0.85 -386.3 0.293 | 0.025 | 0.2270.455 | 0

4 PENTOUITE 1.17 -242.8 0.280 | 0.024 | 0.162 {0.514 | 0

5 PICRATOL 0.90 -238.5 0.329 | 0.024 | 0.207{0.450 | 0

6 CYCLOTOL 1.14 22.79 0.225 | 0.026 | 0.320{0.429 | 0

7 COMP 8 1.10 4.33 0.252 | 0.026 | 0.298 {0.424 | ©

8 RDX/WAX L1y 57.00 0.176 | 0.030 { 0.311 0423 | o
98/2
COMP A-3 1.09 24.93 0.225 | 0.038 | 0.344 [0.293 | ©
TNET8/AL 1.23 -276.4 0.168 | 0.014 | 0.196 {0.522 ! 0.100
90/10
TNET8/AL 1.18 -239.5 0.146 | 0.012 | 0.170 |0.452 | 0.220
78/22
TNETB/AL 1.18 -221.1 0.134 | 0.011 | 0.157 {0.415 | 0.280
72/28
TNETB/AL 1.23 -199.6 0.121 | 0.010 | 0.142 0.37" | 0.350
65/35
TRITONAL 1.07 -62.72 0.296 | 0.018 | 0.148 [0.278 | 0.200
RDX/AL/VAX 1.30 50.38 0.160 | 0.027 | 0.333}0.%80 | 0.160 i
88/10/2
RDX/AL/WAX 1.32 43.76 0.144 | 0.024 | 0.295{0.337 | 0.200
78/20/2
RDX/AL/WAX 1.3 29.36 0.163 | 0.027 | 0.280 {0.320 | 0.210
74/21/5 .
RDX/AL/WAX 1.30 33.28 0.154 { 0.026 | 0.280 {0.320 | 0.220
74/22/4
RDX/AL/WAX 1.19 21.42 0.143 | 0.024 | 0.235 |0.268 | 9.330
62/33/5
TORPEX 1 1.24 -3.57 0.2i6 | 0.021 | 0.2330.350 | 0.180
H-6 1.27 -12.56 0.223 | 0.025 | 0.224 [9.318 | 0.210 !
HBX-1 1.21 -22.93 0.249 | 0.026 | 0.221 |0.334 | 0.170 ;
HBX-2 1.16 -21.83 0.200 | 0.022 | 0.171 |0.257 | 0.350 | t
TNETS/ROX/AL 1.24 -102.6 0.115 | 0.013 | 0.184 [0.338 | 0.30 : '
39/26/35 |
ALUMINUM 0 0 0 0 0 o |1.000 : .
WAX 0 -392.0 0.85% | 0.144 | o0 0 0 l
RDX 0 66.16 0.162 | 0.027 | 0.379{0.432 o .
PETN 0 -407.1 0.190 | 0.02 | 0.177|0.607| o |
TETRYL 0 16.26 | 0.293| 0.017 | 0.244[0.426 | o0 |
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CHAPTER U
SHOCK WAVE CALCULATIONS

Base Data. The principal thesis of the shock wave calculations ir
this computer program is that a cased, cylindrical charge of a given
type and amount of explosive detonated at any altitude from sea level
to at least 50,000 ft can be equated to a free-ficld 1-1p TNT
spherical explosion at sea level. Generally explosion data given in
handbooks for TNT do not provide sufficient information to yleld the
pressure~time uistory of the shock at a specified distance from the
explosion; usually only peak pressures, positive phase durations, and
positive impulses are given. One must turn to various hydrcdynamic
codes to obtaln such information in lieu of extensive experimental
data. However, such codes are lengthy and expensive to run and do not
lend themselves to the objective of this program. It was decided

to use results from a current version of the WUNDY hydrccode developed
at NOL and described in reference (3), to normalize these results to
form a family of pressure-time curves for a large number of distances,
and to find the best empirical fit to represent these results.

Figure 4.1 shows four representative curves developed by WUNDY
that demonstrate the incident pressure-time behavior of a free-field
shock wave as a function of distance, R. From some 25 curves of this
type that exist outside the explosion gas contact surface, it was
found that the family could be represented quite well by the equation.

(1 + -2
= AP/AP, = (1 - 1) €T Att (4.1)
) where
T=(t - ta)/td
d g = (228/R) ~ 0.95
A =0.5
13
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and AP1 peak incident shock overpressure

AP = instantaneous cverprcssure
= time measured from cetonation
= arrival time of shock measured from detonation
d positive phase duration of incident shock pulse v
= distance from detonation (cm)

o ct ct ct
L]

From the above equations, it is seen that peak incidsnt
pressure, arrival time, 2nd positive phase duration for a given
distance are the only parameters required for development ol the
shock pressure-time curve. Values of peak incident overpressure and
arrival time are readily available from WUNDY code results and have
been tabulated in the ccmputer program for 108 distances rarging
from the charge surface to 2.342 x 106 crn (based on 1-1b bareINT sphere).
Positive phase durations for distances outside the contact surface
are aiso obtainsd from WUNDY. However, inside about 70 cm, the
positive phase duration of the shcck wave is not completed before
interaction with the contact surface occurs. Although WUNDY follows
the contact surface boundary, the available runs do nect yield usable
results inside the contact surface. Therefore, experinental data
from references (U4) ard (5) were used to derive approximate pcesitive
phase durations inside the contact surface. The comruter ccde assunes
that equation (4.1) continues to hold inside the contact surface.
Arrival time of the contact surface 1s programmed into the code. Yhen

shock information 1s desired at a point inside the contact surface,
the user is alerted to the faect that the pressure-tine L.story is an
approximation by a diagnostic or warning statement that é&ppears in
the code output--"CAUTION--CONTACT SURFACE HAS ARRIVED. DAT'A ARE
CRUDE BEYOND T(MSEC) AFTER SHOCK ARRIVAL =",

As indicated previously, paraneter values are tabulated in the
computer code for 108 distances. An interpolaticn methoé was needed
to accommodate any given distance. Plots of peak pressure, shock
arrival time, positive phase duration, and contact surface arrival
time as functions of distance on log-log ccales demonstrated & nearly
linear slope over relatively small intervals. Therefore, linear
interpolation between the 1oy, values of the parameters and the log
values of distance is coded into the program as an accurate interpce-
lation method. 14
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Scaling Equations. To relate a spherical TNT explosion at altitude
to a 1l-1b spherical TNT explosion at sea level, conventional Sachs
scaling was used in the computer program. (Sachs scaling method can
be found in many references on airblast from explosions, such as
reference (6).) The scaling relations, as they are used in this
computer code, are given as

- 1/3 1/3 :
Rs Ra(ws/wa) (Pa/Ps) (4.2)
APa = APS(Pa/PS) (u03)
- 1/3 1/3 172
ty = b (W /W )Y3 (Pe/P )2 (T /T,) (4.4)
- 1/3 2/3 1/2
I, = I (W/W,) (P /Pg) (Tg/T,) (4.5)
where
R = distance
W = charge welight

AP = overpressure

= ambient pressure

= time

amblent temperature

impulse
= subscript denoting 1l-1b TNT sphere at sea level
= subscript denoting TNT sphere at altitude

P B H 3t o
[}

Following the order of these equations, for a given distance,

Ra, from a spherical TNT charge, Wa, at altitude pressure, Pa,

and temperature, Ta; a scaled distance, Rs, from a 1-1lb TNT spherical

charge (ws=1) at sea level pressure and temperature, Ps and Ts, is
determined. The code then calculates a pressure-time curve for the
scaled distance and l-lb TNT charge at sea level from equavion (4.2

and numerically integrates this curve to determine the incident impulse.

With values P, t , and I, equations (4.3)=-(4.5) cefine the values
of these parameters at the desired altitude. More details of this
method will be presented in subsequent sections.

15
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Equivalent Weipght. In the previous section on scaling, all charges
were TNT spheres. Since typical projectile charges are cased,
e¢ylindrical, non-TNT explosives, methods for equating the blast

effects of a real projectile to those of an idealized TNT sphere

were required., Virtually all studies directed at establishing

equivalent weights have been conducted at sea level conditions. The
: assumption was made for this program that thé’relative perrormance of
explosives 1s essentially the same at sea level as at altitude sc that
equlivalent weights do not vary with altitude. The equivalent welght
relating various explosive compositions in bare spherical charge form
to airblast performance is defined in this report as the energy
equivalent weight, fe, and 1s given as an explosive property in
Table 3.1. Factors relating cylindrical to spherical charges and
cased cylindrical to bare cylindrical charges have been shown experi-
mentally to depend on the pezk inciderit overpressure level in a gross
sense. Therefore, before evaluating these factors, an estimate of
the peak incident overpressure for a spherical explosion scaled to sea
level is made based on the energy equivalent welght alone.

First, methods were developed vo determine the cylindrical charge
equivalent weight. A compllation of data for bare Comp B cylindrical
charges was taken from reference (7) for L/D ratios between 2 and 10.
It was found that the data formed the three curves shown in Figure 4.2.
The 90° curve gives peak incident overpressures measured along a line
perpendicular to the longitudinal axis of the cylindrical charges;
the 45° curve gives overpressures along 2 line inclined 45° from the
longitudinal axis; and the 0° curve gives overpressures along the
extension of the longitudinal axis. The orientation of the projectile
with respect to the aircraft compartment structure would vary con-
siderably depending on the mode of attack. Since the design of air-
craft to withstand internal blast is of utmost concern feor this program,
a conservative assumption is to use the curves yilelding the highest
pressure. In Figure U.2 this is the 90° curve up to a scaled distance
of about 8 and then the 45° curve for scaled distances greater than 8,
or the resultant composite cylindrical charge curve shown in Figure 4.3.
(If.one is interested in weapon selection for damaging aircraft, he
% would chose the composite curve of 45° and 0° in Figure 4.2.)

MR -
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From the same DRI study in reference (7), bare spherical charges
of the same explosive Comp B were detonated yleldling the spherical
charge curve in Figure U.3. Chosing a particular pressure level, one
can determine the cylindrical charge equivalent weight (fs = welight
of sphere/weight of cylinder) for equal distances. In this manner tre
low-pressure curve shown in Figure 4.4(a) was developed. Empirical
reiations that represent this curve

0 AP, < 20

i -

1A

f. = 1.45 (4.6)

S

T e

20 < AP £ = 0.613 (AP1)0’287 4.7

A
e

i

have been programmed into the computer code. It 1s assumeq in the
program that all explosives follow the behavior of thils experimental
data for Comp B. Lack of complete sets of data for other explosive
compounds makes this assumption necessary.

In Figures 4.2, 4.3, and 4.4, the experimental data do not extend
to overpressures above 100 psi. To limit shock calculations to this
experimentally verified range is too restrictive for a realistic
problem where the projectile will generally be relatively close to a
structure wall where incident overpressures above 100 psi will surely
exist., It is improper to assume that the cylindrical charge equivalent
weight will continue to increase indefinitely with pressure as given
by equation (4.7). As the distance from the cylindrical charge
decreases, at some point the charge will begln to appear as an
infinitely-long charge or a line charge, and the equivalent welght
will begin to decrease. Since no experimental data are available to
provide guidance for determining equivalent weights for pressures
above 100 psi, the following method is assumed. From thedretical work
on line charges developed by Kirkwood and Brinkley in reference (8),
the high-pressure curve shown in Figure U4.U4(b) was determined. Note
that the ordinate is not equivalent weight as in Figure 4,4(a), but
rather a term defined for this report as comparative weight index.
From the L/D ratio of the charge, this inde: can be converted to the
equivalent welght, fs. If one makes this conversion over the entlre
curve, a family of curves is generated and shown as the various L/D
curves in Figure 4.5. The transition from a line charge to a cylindrical

17
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charge of finite length is made by extending the low-pressure curve !

in Figure 4.4(a), or equation (4.7), until it intersects this family.

Thus Figure 4.5 represents the composite example of the mnethod used .
by the computer to calculate the cylindrical charge equivalent weight.
Although the trend of the assumed method igrees with the expected
physical behavior of cylindrical charges, any shock calculations based
on this method must be viewed as approximations. Because of the
uncertainty associated with this approach and the lack of experimental
verification of pressure data above 100 psi for cylindrical charges

in general, a diagnostic or warning statement in the computer output
appears-~"CHARGE SHAPE CORRECTION IS CRUDE. PSI EXCEEDS RANGE OF
EXPERIMENTAL DATA",. .

Secondly, a method to determine the effects on airblast shock of a
metal. casing surrounding a cylindrical charge was required, i.e., a
casing equivalent weight, fc, to relate cased and bare cylindrical
charges. As found in reference (9), a number of methods have been
proposed and are given in Figure U4.6. These curves alone give no
insight to the-best approximation of the casing effects. Assorted
case effects experimental data taken from references (10)—(13) have
been plotted in Figure 4.6. Whereas it appears that the equation

fc = 0,20 + 0.80/(1 + M/C); M/C = case weight/charge weight

best fits the experimental data, it 1s noted that it slightly under-
estimates the effects of the case for much of the data. Consistent
with previous assumptions for the cylindrical charge equivalent
welght, the most conservative method was sought, 1.e., the method
that yields the greatest pressures. This was accomplished by combining
the upper two curves into one as plotted in Figure 4.7 with a replot
of the experimental data points. It is noted that only one data point
lies above this curve. Therefore, the casing equivalent weight used
in the computer program is expressed as

0 < M/C < 0.53

fc = 1 I iMég%(l-M') =] - (M/C)2/(l + M/C) (4.8)

(M* = M/C for values of M/C less than 1)
18

R A S S : . T ———— A 101 vl




AR NN I [ 2 N B S eI UL e A e S A N T AN R e e L RO E R A S 1

e igtan o Sl PR R AR AR )
A - 0

LR

NOLTR 72-231
0.53 < M/C

fo = 0.47 + 0.53/(1 + M/C) (4.9)

(Again, if one were interested primarily in weapon selection rather
than aircraft design, the lower curves of Figure 4.6 would be more
| suitable.) Itshould be pointed out that the experimental data used
for casing effects were based on measured incident overpressures less
than 100 psi. Therefore, a warning statement appears in the computer
output to alert the user to the approximate nature of the data for
overpressures above 100 psi--"CASE WEIGHT CORRECTION IS CRUDE. PSI
EXCEEDS RANGE OF EXPERIMENTAL DATA".

From the above discussions, a c¢ylindrical, cased, non-TNT explosive

charge can be related to a bare spherical TNT charge by the expression b~

s

Wogp = WX £ x £ x £, (4.10)

where
WTNT = welght of equivalent bare spherical TNT charge

w = weight of cased charge
by = energy equivalent weight from Table 3.1
£

e
s = cylindrical charge equivalent weight from Figure 4.4
or 4.5
. f = casing equivalent weight from equations (4.8)and (4.9)

Free-Field Incident Pre-sure-Time and Impulse. Using equation (4.10)
and the scaling equation (4.2), the computercan scale a high explosive
projectile explosion at altitude to a free-field, bare, spherical 1l-1lb
TNT explosion at sea level. For a specific scaled distance, the
computer selects appropriate free-fleld explosion data required for
the pressure-time equation (4.1). It then calculates incident free-
field overpressures that correspond to equal time steps during the
positive phase duration of the shock wave. The number of equal time
steps, k, can be varied from 10 to 40; however, the number should be
as large as conveniently possible because these time steps control

the numerical integration procedure that calculates the positive
impulse as seen by the following equation

19
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(1) + AP(1-1)] at/2

ere
I = incident impulse
AP = inclident overpressure
1 = step index
At = time interval
td = positive duration
k = number of time steps

For the convenience of the user, time is measured both from the
instant of detonation and from the instant of shock arrival at the
desired distance from the explosion. The tabulated incident
pressure-time information and the incident impulse are then scaled
to the actual conditions at altitude using the scaling equations
(4.3)-~(4.5).

Normally Reflected Pressure-Time and Impulse. As stated in the
general program description, accurate analysis of shock reflection in
a structure of an arbitrary configuration is presently beyond the
scope of this code. Nermally reflected pressure-time informacion anrnd

normally reflected impulse have been chosen as loading indices for
studying structural response to shock loading. For the small structural
compartments in aircraft, shock loading from the relatively small
explosive charges in anti-alrcraft projectiles would be completed

before any appreciable plastic response of the structure has occurred.
Therefore, the shock basically can be treated as an impulsive load

on an aircraft compartment structure, and it is believed that the
normally reflected explosion data developed be the computer code

willl be sufficlent to index the response of the structure to shock .
loads. While this assumption is sufficient, in all probability,

when applied to small aircraft compartment structures, it might prove
restrictive and limiting for code application to response problems
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relating to large structures such as ship compartments or building
rooms.

Methods for predicting the peak normally reflected overpressure
have been developed and verified by experimental data over a wide
1ange of pressure. The method used in this computer program is
based on the reflection factor curve developed by Brode in reference (1Y)
and shown in Figure 4.8 as the solid curve. With sufficient accuracy
thls curve 1is arprcximated by the combination of dashed curves shown
in thils figure. In the computer program the following equations are
used to calculate reflection factors for the peak normally reflected
overpressure at sea level zonditions.

0<4P, < 200 psi
(7)(14.7) + 4 AP,
=2 (4.11)
(7)(14.7) + 4Py

200 < AP, < 10,000 psi

fr

g S
fo = -3.18 + 3.97 log,, (4P,) (4.12)
10,000 < AP,
fp = 13 (4,13)

where AP1 = peak 1lncident shock overpressure.

The major problenr now is how to relate this normal reflection
factor derived for the peak reflected overpressure to the entlre
reflected pressure-time history and reflected impulse. Whereas
hydrocodes exist that will follow the normally .eflected shock
phenomena in time, they do not lend themselves economically for use
with this program. For the lack of a better method at this time, 1t
is assumed that an adequate approximation to the reflected pressure-
time history 1is found by multiplying the pressure level of the
previously calculated incident pressure-time history by the reflection
factor, fR’ derived for the peak reflected pressure. Thus the
computer program multiplies the incident pressures as they are
determined for the l-lb TNT sphere at sea level by the appropriate

2).
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reflection factor, fo, from equations (h.ll)--(ﬂ.l3) using the peak
incident peak overpressure. It then scales these results to altitude
conditions in the same manner as 1t scales the incident pressures.
Likewise, the incident impulse is multiplied by the same reflection
factor to obtain the normally reflected impulse.

If one wishes to evaluate a reflection condition other than normal,
it is possible to modify the incident pressure-time curve with a
reflection factor for an angle of incidence other than normal (90°).
Such reflection factors can be found in Figure 4-6 of reference (15)
and in Figure 3.71b of reference (16). With the uncertainties involved
in this approach to reflected pressure~time histories, caution should
be exercised in using the referenced factors for other angles of
incidence with this method except to serve as an index or for scoping
calculations.

Comparisons with Experimental Data. Since normally reflected pressure-
time and impulse information are assumed to be the important shock
characteristics in terms of aircraft compartment structure damage,
it is most important that the code predicts normally reflected shock
phenomena accurately. Unfortunately, documentation of experimental
programs studying reflected shock data relatively close to the
exploslicn has been difficult to find. The best avallable set of
data was found in the BRL study reported in reference (5). This
report presented experimental curves for peak reflected pressure and
reflected impulse based on old and new tests with bare, spherical
pentolite charges.

These curves are shown in Figures 4.9 and 4.10 along with
calculated results from the computer program depicted by the circles.
Peak reflected pressure predictions agree remarkably well with the
experimental curve in Figure 4.9. Reflected impulses agree well
with the experimental curve in Figure 4.10, but the relative variation
is not as good as for peak reflected pressure. In all fairness to
the computer program, a close study of the spread of experimental
data from which the impulse curve was drawn (Figure 8 of reference (5))
reveals experimental varlation as large as that observed from the
code prediction-experimental curve comparison. It is important to

22
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note here that these experimental data extend to the very high
pressure range and that the reflected impulse for some of the

tests 1nclude effects inside the contact surface--all questions of
uncertainty in the formulation of the code. Therefore, it must be
concluded that the computer code yields predictions that agree
remarkably well with thils set of experimental data, which certainly
provides confidence to the use of the computer program for shock
calculaticns. .

Additional confidence is gained from a comparison of a reflected
pressure-time trace from one of the BRL experiments with a code
predicted reflected pressure-time history. Figure 6 of reference (5)
gives an enlargement of a reflected pressure-time trace from a 1/8-1b
pentolite test at a scaled distance of 2.5 ft/lbl/3. This curve,
which 1s free of extraneous noise and oscillations, is shown in
Figure 4.11 as the solid curve. Shown as the dashed curve is the
predicted reflected pressure-time results from the computer ccde.
Agreement has to be classified as excellent in light of 21l the
simplifying assumptions used in the code for shock calculations.

23
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CHAPTER 5
CONFINED-EXPLOSION GAS PRESSURE CALCULATIONS

Phenomena Descrintion. The development of the quasi-static pressure
that exists in a closed structure after an explosion 1s presented in
detail in references (17) and (18). It 1s briefly discussed here.
After the multitude of shock reflections from an explosion in a
completely closed structure have dlssipated, there exists a significant
overpressure in the structure. A tremendous amount of heat 1s released
from the chemical decomposition of the explosive charge and from
subsequen® reactions with oxygen in the surrounding air in the structure.
Mixing of the extremely hot explosion gas products with the initial
gas in the structure results in an elevated equilibrium temperature
of the gas mixture. Since the volume of the structure remains essen-
tially constant during the explosion, the elevated temperature must
be accompanied by an increase in the equilibrium pressure of the gas
mixture. The process can be viewed to be similar to a combustion test
in a bomb calorimeter. The pressure will slowly decay with time due
to heat losses to the structure walls; however, in comparison with the
highly transient nature of the shock phenomena, this pressurec can be
truly defined as quasi-static.

Historically in the literature, this quasi-~static pressure has
been known by different names such as static pressure, steady over-

pressure, internal blast pressure, post-detonation pressure, and
chamber pressure. It is assumed that the reason that no single name
has evolved 1s because there has been misinterpretation of existing
names or it has been felt that existing terms do not adequately
describe the phenomena. Therefore to add to the growing list of
names and hopefully to clarify, this quasi-static pressure created
by mixing the hot explosion gas products with the initial gas in the
closed structure is simply defined in this report as the confined-
explosion gas pressure.
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Existing Methcds of Calculation. Currently there are two commonly used
methods for estimating the magnitude of the confined-explosion gas
pressure; that proposed by Filler in references (17) and (18) and that
proposed by Weibull in reference (19). Filler proposed that the
confined-explosion gas pressure can be calculated from an expression
equivalent to

W, = (ARW)/V,

where APS = confined-explosion gas pressure (overpressure), psi ‘
h = heat of combustion of explosive, cal/gm
W = weight of explosive, 1lb
Vo = volume of closed structure, ft3

This method assumes that there 1s sufficient oxygen in the initial

air in the closed structure to ensure that an oxygen-deficient

explosive will achleve complete combustion. It also assumes that

the specific heat of the gas mixture remains constant. Thils approach
| was verified for small quantities of different explosives detonated
in a large air-filled chamber resulting in modest confined-explosion
gas pressures up to about 30 psi. Reallzing the deficlency in the
use of the heat of combustion in a possibly oxygen-poor atnosphere,
Filler conducted experiments in an inert atmosphere and found results
that indicated the heat of detonation ylelded accurate agreement for
this case, as expected. Unfortunately these studles did not determine
analytical relations that describe the phenomena in the transition
region between the heat of combustion and heat of detonation. Neither
did they extend to the high-pressure region where the effects of
variations in gas specific heats could be observed readily.

Weibull proposed that the confined-explosion gas pressure for a
TNT charge can be calculated from the expression

- 0.72
APg 2410 (W/Vo)

This method was an empirical fit to experimentally measured pressures
from TNT explosions. Unlike Filler's method, there are no means of
relating this equation to explosives other than TNT. However, Weibull's
experimental data extends into the high-pressure range (near 1000 psi)
where obviously the specific heats o: the gas mixture components are

changing and the transition between heat of combustion and heat of
36
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detonation can be observed. Unfortunately, this study was limited
to an empirical approach without fully exploring the underlying
phenomena.

Need for Improved Method. Figure 5.1 gives the prediction curves
proposed by Filler's method and Veibull's method. Weibull's extensive
TNT data are also plotted for direct comparison. The deficiencies

of these two methods become obvious from the comparison. Because
complete combustion and a constant specific heat of the gus mixture
were assumed, Filler‘s method becomes decreasingly accurate as the
pressure level increases. Even i1f the heat of detonation is used with
Filler's method (the lowest curve in Figure 5.1), the deficiencies in
handling the transition region are easlily recognized. Welbull's

curve approximates the TNT data better than Filler's method over the
range of data, but it 1s all too clear that important physical
phenomena are being glossed over in the empirical treatment of the
problem that makes it impossible to extend this method to any explosive
other than TiT.

Since the confined-explosion gas pressure 1s believed to be the
most important loading parameter in the aircraft internal blast
problem, it was imperative that animproved method for calculating the
conflned-explosion gas pressure be developed. The following sections
describe the technique contained in the computer program for predicting
the confined-explosion gas pressure and comparing code results with
available experimental data.

Description of Improved Method. The improved method assumes an
exblosion irn a closed structure of volume, Vo’ filled with air at some
ambient pressure, Pa’ and temperature, Ta' The explosive is limited
to a hydrccarbon form of the elements C, H, O, and N with aluminum
being the only possible metallic additive. Since most explosive
compounds are oxygen-deficient, it is assumed that the reaction

can consume all of the oxygen in the air in the closed structure, if
needed. This basically is assuming optimum mixing and reaction. The
code calculates the number of moles of air initially in the closed

structure volume from the perfect gas law. One mole of air 1s assumed
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to be composed of 0.21 mole 02 + 0.79 mole N2. From the C, H, O,
N, AL composition of the explosive charge given as weight fractions
in Taeble 3.1, the code calculates the number of moles of each of .
these elements.

The chemical reaction of the explosion and mixing with the air
in the closed structure creates the combustion products H20, AL203,
co, C02, 02, and N2. A priority in the reaction is assumed as follows;
(1) the hydrogen in the explosive reacts with oxygen such that all
hydrogen appears as H20, (2) the aluminum has next prilority on the
oxygen, such that all the aluminum appears as the solid AL203, (3) if
there is an overabundance of oxygen in the explosive and structure
air, complete combustlion occurs such that all carbon appears as CO2
and the remaining oxygen not needed in any of the reactions appears
as 02, (4) 1f there is insufficient oxygen in the system after the
H20 and AL203 reactions, then CO and CO2 are produced in quantities
given by the following equations

n(C) + m(0) -+ a(CO) + b(COZ)

a+b=n or a=2n -m

a+2b=mnm h= m~n
where
= number of moles of CO produced
= number of moles of CO2 produced
= number of moles of C
m = number of remaining moles of O

o S = S

and no O2 exists in the final gas mixture, (5) the nitrogen does not
particirate in the reaction and appears as N2 in the final gas mixture.
From the above calculations the number of moles of component gases
(H20, co, COns Uy N2) that make up the final gas mixture in the
closed structure are known,

The formation of H20, AL203, CO, and J02 in this combustion-type
process releases a large amount of heat energy. Respective standard
heats of formation are multiplied by the moles of individual gas
components, and the sum of these quantities 1s defined for use 3n this
report as the heat of reaction. The heats of formation for the gas
products are negative by standard thermodynamic terminology, i.e., if
energy 1s released to the surrounding atmosphere, the heat of formation
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1s negative. Thus the heat of reaction is likewlse negative. However,
for convenience in this report, it is desirable to express the total
amount. of energy, Q, r2leased by the explosion as a positive quantity.
The heats of formation of the gas products and the heat of reaction
are treated as positive quantities in the computer program. To account
for the heat of formation of the explosive compound in determining the
total energy, Q, it 1s necessary to add the heat of formation of the
explosive compound given in Table 3.1 to the heat of reaction. (Sigrs
of values in Table 2.1 cornform to standard thermodynamic terminology.)

Ar a computational model only, the gas components of the final gas
mixture in the closed structure are assumed to exist at the inicial
ambient pressure, Pa’ and temperature, Ta’ of the air in the initial
volume, Vo. The energy, Q, is then added to the gas mixture, but it
is added in 100°F steps in temperature.

It is well known that the addition of heat to a gas in a constant
volume system follows the perfect gas relation

AQ = n C, AY (5.1)

where AQ = heat added
n = moles of gas

C specific heat of gas at constant volume

v
AT

change in temperature

One of the weaknesses of previous methods for determining the confired-
explosion gas pressure was that the variation in Cv with temperature
was neglected., Given in the literature, reference (20), are equaticns
relating the specific heat at constant pressure, Cp, with temperature
for the various component gases in the final gas mixture. With the
assumption that the perfect gas relation

Ro = Cp - Cv (Ro = universal gas constant)

can be used, equation (5.1) becomes

AQ = n (cp - R )AT (5.2)
and direct use of the Cp equations in refeiresnce (20) can be made
For convenience in calculation, the computer finds a weighted average
C.. to be used in equation (5.2) with the total number of moles of

P
gas, n, in the final mixture. 39
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With the total energy released, Q, and the total number of moles,
n, of the gas mixture known, the computer uses the following numerical
procedure to determine the firnial temperature of the gas mixture. (The
initial temperature is taken at T = Ta and the addition of Q follows a
constant volume process.) (1) The weighted average C_ for the gas
mixture is determined for the temperature, T. (2) For a temperature
step of AT = 100°F, the incremental amount of heat, AQ, required to
change the temperature by 100°F is calculated from equation (5.2).

(3) The temperature of the gas mixture after the step is I = T + AT.
(4) The incremental energy, AQ, is subtracted from the total released
energy, Q. (5) The calculational steps (1) through (4) continue until
all of the total released energy, @, 1s used, thus the final tempera-
ture, Tf, is calculated.

With the final temperature, Tf, determined, the perfect gas law
gives the final pressure of the gas mixture in the closed volume, Vo,
by the relation :

Pp=n R T/V, (5.3)
Conventionally this pressure is expressed as an overpressure, so that

the confined-explosion gas pressure, Pg, i1s defined as

APg = Pf - Pa (5.4)
It should be restated that this method of calculating the confineﬁ-
explosion gas pressure 1s limited here to C-H-N-O. type explosives
with aluminum as the only possible metallic additive. Since most
common explosives used as fills in conventional weapons fall into this
category, this limitation is not considered restrictive to the general
use of this computer program. Also this improved method should;yield
conservative results because optimum mixing and the most effici?nt
chemical reactions are assumed.

Comparison with Experimental Data. Attention is now directed to the
adequacy of this improved method. In Figure 5.2 Weibull's TNT data
from reference (19) are plotted as indicated by circles. The computer
code predictions are given as the solid curve. We note that the
agreement with the data is excellent, that the change in slope of the
predicted curve follows the general behavior of the data, and that
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the data falls either on the curve or slightly below it which demon-
strates the conservat!sm of the new method. From this compa~ison
alone, it 1is concluded that this technique is far superior to the
existing methods of calculating the confined-explosion gas pressure
for TNT.

Before assuming the generality of this improved method, it is
necessary to make comparisons with experimental data from different
expiosive mixtures and different initial ambient alr conditions. The
next most complete set of data is found in reference (21) for a
RDX/WAX, £9.5/10.5 mixture detonated in air at sea level conditions.

A plot of the data points (circles) from this study and the code
predictions (solid curve) are given in Figure 5.3. Again the excellent
agreement and the conservatism of the improved method predictions are
notad. Reference (21) also gives data for this same RDX/WAX mixture
for a reduced atmosphere (Pa = 1 psia). These data and the code
predictions are given in Figure 5.4, and the same excellent agreement
and conservatism are demonstrated.

Other assorted data for different explosives were found in
reference (21), and some aluminized explosive data were found in
reference (17)--all for sea level conditions. There was an insufficilent
quantity of these data to construct curves, thus they are tabulated
in Table 5.1 along with calculated code predictions. The excellent
agreement is again noted, especially for the extremely high-pressure
PETN data and the aluminized RDX data. An interesting observation
can be made with the aluminlzed data. A4s the percentage of aluminum
increases, the overprediction of the confined-explosion gas pressuure
tends to increase. But even for the unrealistic mixture containing
50% aluminum, there is only a 16% deviation. This increase is
believed due to the assumed optimum mixing and most efficlent reaction
in the code. Evidently the aluminum is not able to utilize the
oxygen in the surrounding air to the maximum extent assumed in the
code calculation.

It 1s concluded from these comparisons that the improved method
for calculating the confined-explosion gas pressure is far superior
to any other known existing technique. Even with the use ¢f perhaps
a not-too-realistic zombustion type model and the liberal use cf '
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equilibrium perfect gas relations and properties for high-pressure
and temperature transient conditions, the improved method appears

to perform exceptionally well. From these comparisons the method
appears capable of handlihg mono, composite, and aluminized explosives
&t sea level ambilent conditions and reduced atmospheric ambient
conditions. Therefore with justifiable confidence, this improved
method 1s used a&s the basls for confined-explosion gas pressure
calculations in the computer program.

Although use of this computer program has been consistently
limited to C-H-N-O explosives with aluminum as the only possible
metallic additive, there is no theoretical reason why it cannot be
adjusted to psrform well with other metallic additives or non-C-H-N-0
explosives. This limitation arises only because there exists no
experimental data on confined-explosion gas pressure for these
different explosives that will permit the establishment of a set of
reaction priorities similar to those for C-H-N-O explosives.
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TABLE 5.1
MISCELLANEQUS CONFINED-EXPLOSION
GAS PRESSURE DATA

CALCULATED EXPERIMENTAL
TYPE OF WiV OVERPRESSURE ~ OVERPRESSURE  DEVIATION
EXPLOSIVE (LB/FT3) (PS1) (PS1) (%)
ROX/TNT
60/40 0.00221 20 199 +10
60/40 0.00442 410 383 +7
PETN 0.182 m 725 -2
PETN 0.304 1089 1110 -2
PETN 0405 1405 1400 +0
RDX/AL/WAX
98/ 0/2 0.00171 153 1568 -2
76/22/2 0.00171 220 213 +3
€3/35/2 0.00171 266 243 +9
48/50/2 0.00171 303 26.0 +16

DATA FROM REFS, 17 AND 21
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CHAPTER 6
VENTING CALCULATIONS

Venting. Inherent in the preceding section was the assumption of a
completely closed structure, i.e., no venting occurs before the
maximum value of the conflned-explosion gas pressure is established.
Therefore, at the onset of venting the initial conditions of the
confined-explosion gas pressure are known from previous calculations;
Ps (gas pressure in absolute units), Tp (temperature), n (total
number cof moles of gas), Cp (average specific heat of gas at Tr),

and V (volume of gas). A combination of n, V , and the molecular
welghts of the gas mlxture components yields the initial density,pf,
of the gas mixture. Gamma, y, (the ratio of specific heats), is

found with the known value of Cp from the perfect gas relation

Y = Cp/cv = Cp/(Ro - Cp) (6.1)

From code input information, the constant backpressure, Pb, against
which venting occurs and the initial vent area,Ao,are given.

The relations governing the venting process have been derived
in reference (22) for steady isentropic flow through a perfect nozzle.
In thls reference, ywas taken to be 1.4 which permitted the relations
to be expressed in closed form. However, since y in thils computer
program is not 1.4 and is not constant, the differential form of these
goverr.ing equations are taken from reference (22). (There is a typo-
graphical error in equation (15) of reference (22)--(y - 1) in the
denominator should be (y + 1).) These governing equations are:

for sonic flow

AP -‘-’i%- 1z A
1 _ 3 1/y 2 \Y- 0
— = g v° (P,""V/p_)(55) At (6.2)
. gyx 1 o o/ ‘v+1 V;
1
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Py
for Pl > —-———-—Z

R )

for subsonic flow

1/2
P, Y 4P, _ gy3<2 P, Py \ Ao
-1 .1 /2 A OOY / Vo
Y _ s Y
Py Py
Py
for P, < P. <
b -

2 \7-1
v+l

Throughout the venting process, these isentropic relations are
assumed

- (y=1)/v
T, = Ty (P1/P,)

= Wy
Py = o, (P1/P))

The terms are defilned as follows

AP, = (Po - Pl) = arbitrary pressure step increment
P_ = pressure at beginning of increment step

P1 = pressure at end of increment step
Pb = ambient backpressure (constant throughout venting)
g = acceleration due to gravity

y = specific heat ratio given by equation (6.1) (based
on To and assumed constant during increment step)

Po = density at beginning of increment step
pl = density at end of increment step
TO = temperature at beginning of increment step

k9
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3
n

1 temperature at end of increment ctep

<
]

volume of structure (constant)

-
#

vent area (constant)

>
ct
]

time increment (parameter to be determined)

Even though the relations are derived for steady flow, it is assumed
that they are applicable to the venting problem because the pressure
step used in the numerical solution of these equations is sufficiently
small that ges mixture properties can be considered constant during a
single incremental step.

It is assumed in the venting process that the composition of the
gas mixture remains constant, 1.e., no single component of the gas
mixture is vented preferentially. The pressure increment step used
in the computer program is defined as

APl = (Pf - Pb)/IOO (6.6)

i.-~., there are 100 pressure increment steps. Even though the computer
performs 100 steps in this calculation, only every tenth step is printed
as output. The printout can be increased to up to every other step if
desired. During the venting process as the gas density is decreasing,
the computer keeps a running account of the quantities of each component
of the gas mixture remaining in the compartment structure. The need
for this procedure will become apparent in subsequent sections.
The following discussion is a description of a typical venting
calculation. (1) Starting values of Pos Pgs Tos ¥s Bys Vy, and Py
knovm. (2) From the pressure increment step, P, 1s calculated and
used to determine if flow is sonic or subsonic. (3) With the proper
equation (6.2) or (6.3) chosen, the time increment At is determined,
and from tl = to + At the absolute time from beginning of venting
associated with P, is found. (4) From equations (6.4) and (6.5) the
temperature and density at the end of the increment step are determined.
(5) From the density the number of moles of gas mixture components
remaining in the compartment are found. (6) From the temperature, a
new average Cp is calculated from which a new y 1s determined.
(7) Values at the end of this increment step, Pl’ Tl’ 91, and new vy,

50

are




Ny

§
U (
i

I

(

- R e v - " e AR = Ly &
T RSO T A P e T R SR e i s T e S O A 2 B SR L gi)
RG-SO S oA Y 14 A ! )
. S * . oot !

A LTI PP UL TACG R Y PR et 1) 3 o
ﬁ@ﬁm«?ﬁf*m»wm» A TR RS

NOLTR 72-231

become the beginning values Po, To’ Pos and y for the next step.
(8) The above procedures form a loop that continues until the 99th
increment step 1s completed which is the step immedlately before

Pl = Pb. The program is stopped here because equation (6.3) cannot
be solved for Pl = Pb‘

Vent Area and Volume Changes. The orderly procedure given above can
be readily interrupted to accommodate vent area and volume changes
in accordance with input failure criteria controlling damage propagzs-
tion. By constantly monitoring the pressure-time history of the
venting process, the computer can easily adjust to changes from input
of the type presented in Figure 3.1. For a given pressure or time,
an adjustment 1in vent area can be made simply by changing the value
A, in eguations (6.2) and (6.3). However, a volume change requires
not only the change of Vo in equations (6.2) and (6.3) but also an
adjustment in the gas mixture pressure because the volume has changed.
Upon wall failure in the initial compartment, it 1s assumed that
the gas mixture in the initial compartment instantaneously mixes and
comes to equilibrium with the air in the newly available compartment.
The conservation of energy states for this process that the sum of
the internal energy of the gas mixture immedlately prior to wall
failure and the internal energy of the air contained in the adjacent
compartment is equal to the internal energy of the new gas mixture
after the mixing process. (No further chemical reaction is assumed to
occur.) In equation form, this concept 1s stated as

PV + PaVa - Py (Vo + V) (6.7)
(y,=1) (y,-1) {yy-1)

where Pl = pressure of gas mixture immediately prior to wall failure

Yy, = gamma of gas mixture immediately prior to wall failure

Vo = volume of gas mixture immediately prior to wall failure
Pa = ambient pressure of air in adjacent compartment
Va = volume of air in adjacent compartment

Y, = gamma of alr (taken to be 1.4)
51
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P2 = pressure of new gas nixture

Y, = gamma of new gas mixture

Unfortunately there are two unknowns in equation (6.7), P, and y,.
(y2 is unknown t~2cause the gas composition and temperature have
changed.)

By keeping a running account of the amounts of the components
of the gas mixture before wall fallure and by calculating the amount
of oxygen ard nitrogen in the air in the new compartment, the computer
calculates the composition of the new gas mixture and finds the totzl
number of moles of the new gas mixture, n,. Since the new volume
(Vo + Va) is known, the new density, Pss i1s calculated. The perfect
gas law

P, = (anoTa)/(Vo + va) (6.8)

gives a second relation but introduces the third variable, T2. Fron
the programmed Cp equations as a function of temperature for the gas
components, the computer is capable of generating a third relation
from the known quantities of the gas components in the new mixture

L ,’v'»ﬁ:l"g\~.~ “h

Y, = y2(T2) (based on equation (6.1)) (6.9)

The numerical iteration solution of equations (6.7)--(6.9) gives the
values of P2, T2, and Yoo Since Pys Ny, and the new gas mixture
components are known, all of these values become the beginning
parameters for the next increment step in the venting calculation
method. Subsequent wall failures controlled by input damage criterla
are treated In this same manner.

Verification. There are no experimental date available to verify

this entire venting process including vent area and volume changes.
There are only limited data applicable to the venting process without
area and volume changes. These are given in reference (22) from which
the venting equations were taken. Here venting of the confined-
explosion gas pressure from a test facility at NOL was measured.
Venting gases escaped the test chamber of the facility through a
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"S" shaped labyrinth passageway out either a partially open door
(small vent area) or an opea door (medium vent area). Agreement
between equation predictions and experimental data was very good

for the small vent area wvhere flow in the passageway was probably
sufficiently slow not to induce any type of flow losses. Agreement
for the medium vent area, which was about seven times greater than
the small vent area, was only fair with the equations underpredicting
vent times by 20 to 30%. It is believed that the seven-fold increase
in vent area produced relatively high flow velocitlies in the passage-
way from which significant losses slowed the venting process.

In reference (22) caution 1s expressed in using these venting
relations for large vent areas. However, it lias been learned that
limited unpublished data* from the Naval Ship Research and Development
Center (NSRDC) on vensing explosion gases through large openings agree
very well with predictions from the venting equations. Therefore,
with only limited confirmation of the venting procedure, this method
1s employed in the ccmputer code for predicting the pressure-~time
history of the confined gas mixture.

Limitations. The venting section of the computer code has not been
verified experimentally to any significant degree. Thus experimental
evidence in this area is needed to assign a confidence level to this
section equivalent to that of the shock and confined-explosion gas
pressure sections. Four assumptions are made in this section that

need additional study. First, heat losses to the surrounding walls are
neglected as a significant mechanism to reduce the gas mixture pressure.
Second, a constant backpressure against which venting must occur is
assumed. Third, gas mixing and the establishment of pressure equilib-
rium occur instantaneously with compartment wall failure. Fourth,

no chemical reactions occur with the air in the adjacent compartments
after wall failures. In terms of the small cormpartments in aircraft
wings and significant venting to the atmosphere, none of these
assumptions are belleved to be restrictive for aircraft applications.
However, for large explosions and large structures such as ship

¥
Information received from J. W. Sykes (NSRDC).
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compartments or building rooms, they may indeed be restrictive and
may require additional study and modification. The code is censtruzted

in a manner such that modifications in these areas can be easily )
accomnodated.,
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CHAPTER 7
USER'S GUIDE

Combuter Requirements. The computer program is written in FORTRAN
for a CDC 6400 computer, and it should work without change on other
CDC machines. The program is stralghtforward and can be adapted
easlly to other computers. The major change .hat may hav: to be made
is the spreading out onto individual cards of the statements that

are now placed on a single card and separated by the $ sign. Storage
requires less than 32,000 core memory words, the compilation time

is about 15 seconds, and the run time for a single case is about

1 serond on the CDC 6400,

rrogram Structure. A complete flow diagram of the computer program
is given in Appendix A. Detail descriptions of the input cards and
format are given in Appendix B. A complete list of the program
variables with their definitions are given in Appendix C. The code
consists of the main program BLAST and six subroutines. The functiins
of these sections are as follows:

BLAST: reads input data; does venting calculation; does

final portion of the shock wave calculation

MIX: supplies new conditions (pressure, volume, temperature,
gamma) after the gases of two compartments are mixed.
HEDATA: contains tables of properties of explosive components
and mixtures,
GAMMA: supplies average specific heat ratio and internal
energy for a gas of given composition and temperature.
GASES: supplies inftfal conditions in the compartment immediately
after the explosion occurs and the confined-explosion
gas pressure 1s developed.

55




R Ay A n AN,

NOLTR 72-231

TNT: supplies pressure, distance, arrival time, and other data
for a sprerical 1-1b TNT free-field explosion at sea
level.

ARDC: gives standard-atmosphere pressure and temperature for a
desired atltitude.

A complete listing of the entlire program 1s given in Appendix D.

Printed Warninss in Outout., During the running of a problem with
this computer program, printed dizgnostic or warning statements may
appear in the output to alert the user. These are:

(1) "WFACT NOT KNOWN, 1.0 IS USED."

This means that no energy equivalent weight has been supplied
for the shock wave calculation with the desired explosive. The
program assumes a value of 1,0, thus results zre equal to those
of TNT.

(2) "CHARGE SHAPE CORRECTION IS CRUDE. PSI EXCEEDS RANGE OF

EXPERIMENTAL DATA."

The cylindrical charge equlvalent weight depends on the peak
shock pressure level. Above 100 psi, no experimental data were
avallable for correlation and theoretical techniques were used.
The warning statement is printed to inulcate that shock data
for the particular case under study are approximations.

(3) "CASE WEIGHT CORRECTION IS CRUDE. PSI EXCEEDS RANGE OF
¥x1 ERIMENTAL DATA."
'  method for calculating the casing equivalent weight was
paf’-d vn pressure data for 100 psi and below. The warning state-~
~.; 1s printed to indicate that shock data for the particular
-ase under study are approximations bhecause the peak overpressure
cxceeds 100 psi.

(4) "CAUTION--~CONTACT SURFACE HAS ARRIVED. DATA ARE CRUDE
BEYOND T(NMSEC) AFTER SHOCK ARRIVAL =.,"
This warning statement appears during the shock calculations
if the contact surface reaches the desired distance being
investigated. It indicates that, after the lIndicated tim . the

shock data are approximations. 6
5
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Changes ¢to the Program. There are several items in the computer

program that probably will be frequently changed by the user

depending upon the problem under consideration. They involve the
addition of new explosives to the data table in the program ard

changes in the amount of printout for the shock and venting calculations
If a new explosive not in the data bank is frequently used, the user

may wish to add it permanently to the subroutine HEDATA. There 1s

room for 11l new explosives in thils tabkle. Beginning with index

number 30 (card HEDA0675), four data cards using the format for

the existing explcsives can te inserted to input the new explosive.

The amount of printout desired for shock and venting calculaticns
may vary with the area of interest for a particular problem. Thils
is easily changed by varying KMAX1l for shock calculations or KiAX2 for
venting calculations on card BLAS0560. The shock wave calculation is
done in KMAX1l steps in time, equally spaced within the positive duraticn
of the overpressure. The bullt-in value of KMAX1 is 20. If more
printout is desired, change KMAX1 to 20 or U40. If more than 40 lines
are desired, the dimensions of PSI(40), Ti(40), T2(%0), and PSIREF(40)
must be increased. Values of KMAX1l below 10 are not recommended
because the numerical integration to obtaln impulse 1s controlled by
the numter of these steps.

The venting calculations are performed in 100 fixed integration
steps. However, only every KMAX2-th step is printed as output. Ths
built-in value of KMAX2 is 10, giving 10 lines of venting printout.

If more venting data 1s desired, KMAX2 can be changed to 5, 4, or 2.

Example Problems. To demonstrate the use of the computer code with
its different options and features, nine sample prcblems have been
run. They are variaticus of the following base problem.

Consider an 8 ft3 compartment. A projectile has penetrated
the compartment forming an opening of 0.00545 ft2 area. The
projectile contains 0.0294 1lb of explosive of composition 74%
RDX, 21% AL, and 5% WAX. It has a length to diameter ratio
of 2.7 and a case veight to charge weight ratio of 4.24,

Figure 7.1 shows the input cards for the nine problems that have
been solved. (Appendix B gilves the description ard format of input
data cards.) Examples 1-3 show the three ways to specify the explosive.
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Examples 5-7 show the three options specifying damage criteria for
wall failure in the venting calculations. Example 8 shows the
method of a shock wave calculation with several distances specified.
Examples 4 and 9 demonstrate problems at an altitude other than

sea level. Specific descriptions of each example are given in the
following paragraphs.

Example 1 involves only one input card. The explosive number
is 17, indicating the number of the desired explosive in the list of
subroutine HEDATA, At the end of the card, NOPT=1 indicates that
only a venting calculation is desired; NV=0 indicates that the chamter
volume and vent area remain at their initizl values throughout the
preblem; and NR=0 indicates that no distances are specified since
this 1s only a venting calculation. The results of this problem are
shown in Figure 7.2.

Example 2 involves two data cards. The first card is the same
as in Example 1 except that the explosive number is 0. This causes
the second card to be read in. Thils card gives the energy equivalent
welght = 1.30, the heat of formation = 29.36 cal/gm, and the weight
fractions of C, H, O, N, and AL. The results are the same as for
Example 1 which are given in Figure 7.2.

Example 3 again involves two data cards. The first card has an
explosive number of -1. This causes the seccnd card to be read in.
This card gives the energy equivalent weight = 1.30 and the weight
fractions of the desired compcnents from the explosive list in
HEDATA: 74% number 27 (RDX), 21% number 25 (AL), and 5% number 26 (WiX).
Again, the results are the same as those of Example 1 which are given
in Figure 7.2.

Example 4 1s the same as Example 1 except that the compartment is
at altitude rather than at sea level. The ambient pressure is 6.76
psia and the temperature is -24,.6°C, The results of this calculation
are shown in Figure 7.3.

Example 5 returns to sea level but the compartment volume 1is
allowed to change. NV=1 means that one card of volume and area
change data is to be read. This card contains the following data; if
the confined-explosion gas pressure in the tank exceeds 30 psia, the
volume increases by 4 ft3 and the vent area increases 0.00545 ft2.
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The ambient pressure and temperature of the alr in this additional
volume and vent area are added only if the confined-~explosion gas
pressure exceeds the 45-psia level. The results are shown in
Figure 7.4.

Example 6 has two cards of volume and area change data. The
last number on these cards is 2 which indicates that the changes
of volume and area are to be made at the indicated times of 0.15 and
0.60 sec. Mo tests are made on the pressure, so that the changes are
made at the indicated times regardless of the pressure. The results
are shown in Figure 7.5.

Example 7 has three cards of volume and area data. The last
number on these cards 1is 3 which indicates that if the pressure
exceeds the indicated value when the indicated time is reached, then
the volume and area change is made. For example, if the pressure in
the tank exceeds 45 psia at 0.15 sec, 4 ft3 of volume and 0.00545 ft
of vent area are added. The results are shown in Figure 7.6.

Example 8 is a shock wave calculation only, indicated by NOPT=2.
NV=0 since no venting pararmeters are involved in a shock wave calcu-
lation, and WR=3 since three distances are desired. The second card
contains these three distances: 0.667, 1.000, and 1.333 feet from
the center of the charge. The results for the single distance of 0.667
are shown in Figure 7.7.

Example 9 is the same as Example 8 except that the compartment is
at altitude. The results are shown in Figure 7.8.

2

Explanation of Tvpical Output. A typical example of the printout for
shock calculations is given in Figure 7.7 which are the results from
Example 8. The index number and properties of the explosive used in
the calculation appear at the beginning of the output. The two warning
statements concerning the cylindrical charge equivalent weight and
casing equivalent weight are noted. Under "SHOCK WAVE CALCULATION",
the left-hand column repeats all the input parameters governing the
shock problem. In the right-hand column, certain constants derived
by the computer for the calculation are given:

ADJUSTED WT(LB TNT)--equivalent TNT sphere from equation (4.10)

HE ENERGY FACTOR-~energy equivalent weight, fe, from Table 3.1
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CHARGE WEIGHT FACTOR cylindrical charge equivalent weight,

£, from Figure 4.5

CASE VWEIGHT FACTOR casing equivalent weight, f from equation
(4.8) or (4.9)

PRESSURE SCALE FACTOR (P_/P,) for equations (4.2)--(4.5)

DISTANCE SCALE FACTOR (V. A )3 (p,/8)*3 for equations
(u 2)--(” 5)

TIME SCALE FACTOR w3 (e )3 (1o/15)Y? for
equations (4.2)--(4.5)
NORVMAL REFL FACTOR normal reflection factor, fR’ from

equations (4.11)--(4.13)
The tabulated pressure-time shock data is noted for the desired
distance of 0.667 ft. Both the incident and normally reflected
overpressures are given as functions of time where time 1s measured
from the instant of detonation and shock arrival. For example, the
shock arrives at the distance 0.667 ft in 0.07118 msec; the peak
incident overpressure is 317.6 psi and the reflected overpressure is
2144 psi; and the positive phase of the shock is completed 0.192 msec
after detonation or 0.1209 msec after shock arrival. Next the impulses
for the incident and reflected waves are given. Lastly, the warning
statement concerning the contact surface appears which states that
0.02787 msec after the snock arrives, the pressure-time datz are
approximations.

Figure 7.6 gives printout results for Example 7 on the confined-
explosion gas pressure venting and subsequent changes due to structural
failures. At the beginning of the output are the index number and
properties of the explosive used in the calculation. Under "VENTING
CALCULATION" a repeat of input parameters is given; under "BEGIN
VENTING CALCULATION" the input failure criteria table 1s repeated.
Under "PROPERTIES OF GASES" the output describes the condition of
the confined-explosion gas in the initial ccmpartment volume before
any venting has occurred. The first statement indicates that
oxidation was complete, l.e., sufficient oxygen was avallable to
make H20, AL 03, and only CO2 Had there been insufficient oxygen
for complete oxidation, the output would have indicated the name
and quantity of the last product formed. For example, if all H-+H20
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and AL ~+ AL203 but there was insufficient oxygen to completely react
with all the C to form CO, the computer would print "PERCENT LAST
PRODUCT (CO) = (fraction of carbon used)". Next, the computer prints
the maximum temperature of the confined-explosion gas, the energy
released in the chemical reaction that creates the confined-explosion
gas pressure, the specific heat ratio, y, and the maximum value of the
confined-explosion gas pressure expressed a3 an overpressure.

Under "BEGIN VENTING OF GASES" the gas pressure-time data are
tabulated along with the amount of gas in the confining volume (GASES),
the temperature of the gas (TEMP), the specific heat ratio {GAMMA),
and an index (NEQY). If this index is 1 then the flow velocity is
sonic; if 2, flow veloclity is subsonic. The beginning time is zero
for this calculation which is set arbitrarily after the dissipation
of the shock wave, and the overpressure is maximum at 45.9 psi.

Adjustments made with compartment failures and continued venting are
noted. For example, at t=0.15 sec the gas overpressure is 36.5 psi
which is above 45 psia and the wall fails. A new pressure of 36.75 psia
or 22 psil overpressure 1s calculated for the new volume of 12 ft3, and
venting continues through the new area of 0.0109 ft2 until t=0.6 sec
when another failure occurs. The code readjusts the pressure to
accommodate the new volume and venting continues until the overpressure
is essentially zero at t=0.9 sec.
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EXAMPLE 1
00294 17 267 4,26 8¢ 545-3 14,7 20. O¢ 147 20. b} 0 0
EXAMPLE 2
00294 0 267 6,26 8, %54%5<3 14,7 20, Oc 1447 20¢ 1 0 0
130 29,36 e163 0027 «280 «320 0210
EXAMPLE 3
00294 =1 247 4,24 B, 543-3 14,7 20. O 1447 20¢ 1 0 (]
1630 27 o746 25 421 26 <05
EXAMPLE 4
« 0296 17 247 8,24 8, 545=3 6076-246,6 O¢ 6676-2646 1 0 0
EXAMPLE 5
«0294 17 247 4,26 8, 545=3 14,7 20. Oe¢ 147 20. 1 1 0
30. O &o 05452 147 200 1
EXAMPLE 6
00294 17 267 4,26 8, 545-3 14,7 20, Oe 14,7 20. 1 2 0
O 15 be 05452 16,7 20¢ 2
0o 60 be o545-2 16,7 20¢ 2
EXAMPLE 7
00294 17 247 4,28 8, 545=3 14,7 20, 0o 14,7 20, 1 3 0
45, 15 &o ¢545=2 147 20, 3
20¢ b So o545=2 167 20 3
19, o8 be Oo 1447 20 3
EXAMPLE 8
00294 1T 247 4026 B8, 545-3 14,7 20 Oe¢ 1407 20¢ e 0 3
0667 1¢0 1,333
EXAMPLE 9
« 0294 1T 27 4,26 8, 545=3 6,76=2446 O¢ 6076-24,46 2 0 3
. 0667 1.0 1,333
FIG. 7.1 INPUT CARDS FOR NINE EXAMPLE PROBLEMS
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INTERNAL BLAST NAMAGE MECHANISMS PROGRAMy MAR 1972

ROX/AL/WAKe 74/21/8
EXPLOSIVE PRCPERTIES

NUMBER EQWT  EFORM EXPLOSIVE COMPOSITION BY WEIGHT

KCAL/G c
17 1,300 ,029360 ,163

VENTING CALCULATION

CHARGE WEIGHT (LR) .
INI? VOLUME(CU FT) @
INIT VENT AREA(SO FT) »
AMBIENT PRESSURE (PSIA)s
AMBIENT TEMP (C) .
CHAMRER PRESSURE (PSIA)=
CHAMBER TEMP(C) .

NOPTs 1 NVs o
BEOIN VENTING CALCULATION

PROPERTIES OF GASES==
OXIDATION COVPLETE

TEMPERATURE s DEGREES F =
ENERGY RELFASE(KCAL/G) =
SPECIFIC MEAT RATIO -
0AS OVERPRESSURE (PSI) ]
BEGIN VENTING OF GASES
OVERPR(PSI) TIME (SEC)
‘509‘ 0.
41,38 +6936E«01
36076 01453
32,16 2293
22.97 04288
18,38 25496
13.72 06911
12447 «7360
7,880 9178
3,286 1.171

+6943E=0] 1,690

FIG. 7.2 OUTPUT RESULTS FOR EXAMPLES 1, 2, AND 3

A N 0 AL
0027 +280 320 L2110

02940€«01
8,000
¢e5450E=02
14,70
20,00
14,70
20,00

1653,2
3,4573
1,314}
45,945

GASES (LB) TEMP(R)  GAMMA NEON

06167 2113, 1,314}

5809 2074, 1,318% 1
05442 2032, 1,3167 1
*5070 1986, 1,318) 1
04689 1937, 163197 1
04297 1884, 143214 1
03895 1825, 143235 1
03479 1759, 143259 1
+3358 1739, 103267 1
02921 1661, 1,329A 2
2462 1570, 143338 2
v212% 1494, 1,3380 2
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INTERNAL OLAST DAMAGE MECHANISMS PROGRAMe MAR 1972
ROX/AL/wAXe 74/21/8

EXPLOSIVE PRCPERTIES
NUMAER £QWT  EFORM EXPLOSIVE COMPOSITION BY WEIOMY
KCAL/G ¢ N N 0 AL
17 1,300 ,029360 163 027 280 ,320 210

VENTING CALCULATION

CHARQE WELIGNHT (LB) 8 L2040E-0}
INIT VOLUME (CUL PT) ] 8,000
INIT VENT ARFA(SA FT) » (3480402
AVRIENT PRESSURE (PSIA)e 6,760

AMBIENT TEWP (C) o 24,60
. CHAMAER PRESSURE(PSIA)S 6,760
| CNAMRER TEMP (C) s ©24,00

NOPTR § NVs 0
SC0IN VENTING CALCULATION

PROPERTIES OF GASESe=
OXINATION COVPLETE

TEVPERATUREy DEGREES F o  2488,7

ENERGY RELEASE(KCAL/8) s 3,0873

SPLCIFIC MEAT RATIO s 1,209

OAS OVERPRESSURE(PST) = 42,914

PLOIN VENTING OF GASES

OVERPR(PST) TIME(SEC) GASES (LD) TEMP (R} GAMMA NEGN
42,0 0o 03426 3le. 1,2093
38,42 +0729C2a01 3194 3083, 1,2908 1
34.9) 01420 «2090 2908, 1,2018 1
30,06 o 2260 2716 2912, 1,2924 1
8. 78 <3213 24068 2031, 1,293
21046 4322 2212 2741, 1,29%3 )
17617 +5038 01940 2040, 1,20 1
12,87 07243 01673 2523, 1.,2993 1
8,503 « 9296 «13084 2383, 1.3022 1
8,647 1,111 1176 2268, 1.3069 1
10354 1,524 +0499€«01 2052, 1.3106 2
«8846E=0) 1,948 o T451E~01 1970, 1,313 2

FIG, 7.3 OUTPUT RESULTS FOR EXAMPLE 4
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NOLTR 72-231

INTERNAL BLAST DAMAGE MECHANISMS PROGRAMy MAR 1972
ROX/AL/WAXe 74/21/5

EXPLOSIVE PRCPERTIES
NUMRER €QWT  EFORM EXPLOSIVE COMPOSITION BY WEIGHT
‘ KCAL/G ¢ H N 0 AL
17 1,300 ,029360 4163 ,027 4,280 o320 ,210

VENTING CALCLLATION

CHARGE WEIGKT (LR} L e2940€a01
INIT VOLUME (CU FT) s 8,000
INIT VENT ARFA(SH FT) = ¢5480€«02
AMBTIENT PRESSURE (PSIA) = 14,70

AMBRTENT TEMP(C) s 20,00
CHAMRER PRESSURE (PSiA) e 16,70
CHAMBER TEMP (C) s 20,00

NOPTs { Nva |
SEGIN VENTING CALCULATION
TABLE OF VOLUME AND VENT AREA CMANGES

PPSIa) T(SEC) viCu FT) A(SQ FT) PAMB (PSIA)
30,00 0. 4,000 »5450E=02 14,70
PROPERTIES OF GASESwe
OXINATION COMPLETE
TEMPERATURE Y DNEGREES F = 165362
ENERGY RELEASE(KCAL/G) = 3,6%7)
SPECIFIC HEAT RATIO s 1,314}
OAS OVERPRESSURE (PS]) s 45,045
PIILUQE_LEVEL IN TABLE EXCEEDED.
VOLUME INCREASF.(CU FT)m 4,000
NEW TOT VOL (CU FT) ] 12,00
NEW TOT AREA (SqQ FT) = «1090Ee0]}
NEW PRESSURE (PSIA) & 43,00
NEW GAMMA L) 1,338
BEGIN VENTINA OF GASES
OVERPR(PSI) TIME(SEC) GASES (LB) TEMP (R) GAMMA NEQN
28,36 0. 9162 1500, 163377
25,52 eS174Ex0] «8708 1475, 143409 1
22,69 «1077 oA266 1447, 1.3424 1
19,08 0166 WT776 1419, 1.3439 1
;,001 :23%3 «7296 1388, 1,3454 1
14,18 3090 06806 1355, 1.3475 1
«3515 0654} 1336, 1,3488 1
«4394 06032 1299, 1,3500 2
+5419 «5508 1258, 1,353% ?
06696 4967 1212, 1,3565 2
«8619 4406 1161, 1,3601 2
1,037 4178 1139, 103622 2

FIG, 7.4 OUTPUT RESULTS FOR EXAMPLE 5
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INTPRNAL ALAST DAMAGE WECHANTISMS PROGRAM, MAR 1972
ROX/AL/WAXe T4/21/8

EXPLOSIVE PACPERTIES
NUMAER FOWTY EFORM EXPLOSIVE COMPOSITION BY WELIOMY

KCAL/G [ M L 0 AL .
17 1,300 020360 L1643 ,027 280 ,L320 210
VENTING CALCULATION
CHARGE wELIONTILM) 8 2940E-0)

INTY VOLUME(CY FT) « 8,000 ,
INIT VENT AREA(SD FT) & (S450E«02

AMSBTENT PRESSURE (PSIA)S 14,70

ANBTIENY TENP(C) s 20,00

CHAMRER PRESSURE (PSIA)e 14,70

CHAMBER TEMP(C) . 20,00

NOPTe | NVs 2

SEOIN VENTING CALCULATION
TABLE OF VOLUME AND VENT AREA CHANGES

P(PSTA) T(SEC) v(cu rm) A(3Q FT) PANO (PSTA) TAMB(C) NoPTVY
L0 *1500 4,000 o5450E«02 14,70 20,00 2
0, «4000 4,000 3450€<02 14,70 20,00 2

PROPEATIES OF GASESe=
OXINATION COMPLETE

TEMPERATURE, OEGREES F = 1653.2
ENEROY RELEASE(KCAL/G) = J,457)
SPECIFIC HEAT RATIO s 1,314
OAS OVERPRESSURE(PST) @ 45,948

SEEiN VENTING OF GaSES
OVERPR(PS]) YIME(SEC) GASES(LE)  TEMP(R)  GAMMA NEON

45,9 [ B 6167 2113, 143141
41,38 «6936E01 30809 2074, 1,318 1
3,76 01435 0344) 2032, 1,317 1

36,40 +1500 05022 2029, 13168 ¢
TIME MAS REACHED TV( l)e L1500

FATLURE LEVEL IN TABLE EXCEEOED.
VYOLUME INCREASE(CU FT)e 4,000

NEW “TOY VOL (CU FT) s 12,00

NEW TOT AREA (SQ FT) &  ,1090E01

NEW PRESSURE(PSIA) s 36,73

NEW GAMMA s 14343 X
22,08 +1500 0417 1400, $.3030 1
19,88 <1988 <8039 1378, 1,306 1
17,64 «2506 o 7654 1388, 13078 2
19,44 « 3066 « 7264 1330, 1,302 1
13,23 23676 <6064 1306, 1,3808 1
12.49 <3031 6768 12968, 1.3513 ]
10,40 <4512 o836} 1270, 13530 2
A,20) 5273 «594S 1240, 1,388 2

. Ged2A 6000 +5587 1212, 163570 2

TINE HAS REACHED TV( 2)e +8000

FATLURE LEVEL IN TABLE EXCEEDED.

VOLUME INCREISE(CU FT)e 4,000

NEW TOT VOL (Cu FT) L] 16,00

NEW TOT AREA (SO FT) = ¢16358a0]

NEW PRESSURE (PSTA) L] 17,06

NEw SAMMA .o® 1,386
2.3%58 +8000 <0882 .‘.07 13060 2
2,322 «8170 « 8496 045,4 1,3080 2
1,008 06381 +8410 42,1 1,308 2
1691 +854) +8324% 038,7 1,300 2
1,418 +AT50 +8237 835, 1,300 2
1,179 0976 +8151 831,9 1,381 2
<9431 o 7226 «A08)Y 20,4 1,309 2
<7078 71511 7976 024,9 1,397 2
310} + 71850 + 7008 21,3 1,3000
22358 +A2% <7799 7,7 1,3%03 3
«2350L01 o084 7719 14,4 1,3006 2

FIG. 7.5 OUTPUT RESULTS FOR EXAMPLE 6 ,
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NOLTR 72-231

INTFRNAL RLAST DAMAGF MECHANTSHS PROGRAM, MAR 1972
ROX /AL ZwAXe 14/71/5

ENPLOSIVE PRAPERTIES
NUMAER FOWT EFORY FXPLOGIVE COMPORTITION DY WEIGHT
KCAL/G c L] N ] AL
17 1,300 ,029780  L,143 027 ,280 L3120 ,210

VENTING CALCLLATION

CHARGE wEIGHT (LAY ® ,2940E«0)
INIT VOLUME (CU FT) ® 8,000
INIT VENT ARFA(S FT) o ¢5450€-02
AMBIENT PRESSURE (PSIA)e 14,70

AMATFNY TEMP(C) . 20,00
CNAMRER PRESSURF (PSIA)S 14,70
CHAMAER TEMP(C) L] 0,00

NOPTe | NVe 3
BEOIN VFNTING CALCHLATION
TARLE OF VOLLME AND VENT AREA CMANGFS

PpSIAY T(SEC) vicu 1) A(SQ FT) PAMB(PSTAY TANB(C) NapTV
43,00 #1500 4000 +5450E=02 14,70 20,00 3
20,00 «6000 6,000 +5480£<02 14,70 20,00 3 -
19,00 +8000 4,000 e 14,70 20,00 3

PROPERTIES OF OASES==~
OXINATION COMPLETE

TEMPERATURE s DEGREES F = 1053,2
ENEROY RELFACE(KCAL/O) =  3,487)
SPECIFIC HEAT mATIO s 1,318
GAS OVERPRESSURE(PS]) s 48,948
1 BEGIN VENTINA OF OASES
OVERPR(PSI) TIME(SEC) OGASES(LB)  TEMP(RY  QAYMA NEON
49,9 0. «8167 2113, 1.314)
" : 41,39 +$0936€-01 +3009 2078, 1,3:58 1
v, 36,76 <1453 3443 2032, 1,3167 1
¥ 16,490 «1500 +8422 2029, 1,516
- TINE HAS REACHED TV( 1)= L1500
; FAILLTE LEVEL IN TAALE EXCEEDED,
¢ VOLIME INCREASE(CU FTia 4,000
] NEW TOT VOL (CU FT) = 12,00
2 NEw TOT AREA (Sn *T) = 109080}
3 NEW PRESSURE (PSTA) o 36,78
o NEW AAMMA L 10343
22,058 +1500 N T%% 1400, 1,3430 1
1 19,0% 1984 +A039 137, 1,364 1
% 17.64 2504 7654 1358, 1,3478
& 18,44 +3066 7264 1330, 1,3492 1
i 13,23 3674 0866 1304, 1,358 1
£ 12,69 #3831 6760 129s, 1,3513 1
1 i 10,49 14512 oh30) 1270, 1,3830n 2
) A 28% «3273 25945 1240, 1.35%50 2
‘ Ao429 «8000 +%5%07 1212, 1,3870 2
3 TINE HAS REACHED TV( 2)s  ,A000
4
X FAILURE LEVEL IN TABLE EXCEEDED,
2 VOLIME INCREASEICU FT)s 4,000
¢ REw TOT VOL (CU FT) = 16,00
4 Niw TOT AREA (SO FT) &  ,1635E=01
NEW PRESSURE (PSIA) L] 17,06
: NEW QAMMA s 1,388
3 24354 «6000 i1 H 848,7 143806 2
9 2,122 A0 0486 (71 13080 2
1,886 2635) oA41D 842,1 1,383 2
s 1.6%) #4543 0324 838,7 1,308 2
77 1e81% o675y oA237 81%,3 1,38 >
S 14179 +697¢ o131 31,9 1S TC TR
X 943 7226 oRNAI 8728,4 1.9 2
et 7074 7511 +7976 824,90 1,389 >
Y AT18 + 7850 <7088 021,) 1,390 2
A ALl A298 7709 817,7 1,%0% 2
«235AE0} A LLLY 719 LTS 1,394 2

FIG. 7.6 OUTPUT RESULTS FOR EXAMPLE 7
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NOLTR T72-231

INTERNAL BLAST DAMAGE MECHANISMS PROGRAMs MAR 1972

EXPLOSIVE PRCPERTIES
NUMBER EQWT  EFORM EXPLOSIVE COMPOSITION B8Y WEIGHTY !
KCAL/G c H N 0 aL
17 1,300 ,029360 4163 4027 #2830 ,320 4210
CHARGE SHAPE CORRECTION IS CRUDE, #PSI EXCEEDS
QANGE OF EXPERIMENTAL DATA,
CASE WEIGHT CONRECTION IS CRUDE. PSI EXCEEDS
RANGE OF EXPERIMENTAL DATA.

SHOCK WAVE CALCULATION

INPUT PARAMETERS CHARGE WEIGHT ADJUSTMENTS

CHARGE WEIGHT(L®) B 42940E=0} ADJUSTED WT(LB TNT) s  ,6318E=0])
EXPLOSIVE NUMBER L 17 HE ENERGY FACTOR s 1,300
L/70 RAT10 s 24,700 CHARGE SHAPE FACTOR = 2,89
CASE/CHARGE wT RATIO = 4,240 CASE WEIGHT FACTOR = L5711
CHAMBER PRESSURE(PSIA)= 14,70 PRESSURE SCALE FACTOR=  ,9997
CHAMBER TEMP(C) = 20,00 OISTANCE SCALE FACTOR= 2,511
ALTITUDE (KFT) = 0O, TIME SCALE FACTOR s 2,489

NORMAL REFL FACTOR = 64752

OESIRED DISTANCE(FT) = 46670
(cM) = 20,3

TIME AFTER TIME AFTER  INCIDENT  NORM REFL
€XPLOSION SWOCK ARR  OVERPRESS  OVERPRESS

(MSEC) (MSEC) (PS1) (PS1)

7.1180E=02 O, 3176 2144,

9.5353E=02 2,4173E-02 100.2 676,2
«107s 3.6259E~02 63,11 426,1
01195 4.8345E=02 40,98 2767
01315 6.0431E=02 26481 18140
01437 Te2518E=02 17.27 116.6
01558 B844604E=02 10060 71086
01679 9.6690E=02 5¢914 39693
«1800 +1088 24494 16084
01920 01209 Oe O

INPULSE (PSI MSEC)=e
INCIDENT & 7,675
REFLECTEC® 51.82

CAUTION==CONTACT SURFACE HAS ARRIVED,
OATA ARE CRUDE BEYOND T(MSEC) AFTER SHOCK ARRIVALS 2,7874E-02

FIG. 7.7 OUTPUT RESULTS FOR EXAMPLE 8
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NOLTR 72-231

INTERNAL BLAST WAMAUE MELAaI1SHS PRUGRAMe MAR 197

EXPLCSIVE PHROPERTIES
NUMBER EGWT EFORM EAPLUSIVE COMPOSITIUM BY WEIGKHT
KCAL/G ¢ [} N 0 AL

17 14300 L,02936u o163 o027 L2800 o320 210

CHARGE SHAPE CORRECTIOMW [S CRULE, PSI LXCEEDS

RANGE OF EXPERIMENTAL Oaln,

CASE wEIGHT CORRECTION IS CRUDte PSI EXCEELS

RANGE OF EXPERIMENTAL UATA,

SHOCK WAVE CALCULATIOW

INPUT PARAMETEHRS CHARGE WEIGHT ADJUSTMENTS

CHARGE WE 1GHT (1.8) B ,294uE~ql ADJUSTEL wT(Ln TMT) = «T408E=0]
EXPLCSIVE NUMREK = 17 HE ENERGY FACTOR = 1eM00
L/0 RATIO s 2700 CHARGE SMHAPE FACTUR = 36394
CASE/CHARGY WY RATIO = 44240 CASE WEIURT FACTON Y «5711
CHAMBER FRESSURE(PSIA)s oeT6V PRESSUKE s?uLE FACTORs 2elT4
CHAMBER TEMP(C) LI F-L N T UISTANCE SCALE FACTOR= 1,638
ALTITUDL (KFT) s 0, TIME SCALE FACTOR s 1e207

NORMAL REFL FRCTOR & 7,452

DESIRED OISTANCE(FT) = 6070
(Cx) 2 20433

TIME AFTER TIME AFTER  INCIDENT  NOHM REFL
EXPLOSICN  SHUCK MRK  OVERPMESS  QVERPKESS

{MSEC) (MSEC) (PS1) {PS1)

$08490E=07 Vo 276,65 1™

8,5003E2u2 2.6573E=02 ©7,1Y ou4 .7

908349E=02 3.9059E~02 54494 31,4
olllé Se3140E~02 35.008 20,1
012“9 6.66432E~02 €334 183,.,2
01382 Te9719E=U2 150ua 118,41
«1515 9e3008E=N2  Y,2064 12474
01648 #1063 5.14b LT Y
01751 e1196 2el71 1705
P LAY 01329 Oe Oe

TMPULSE (PSTMSEC) ==
INCIOENT = 7345
REFLECTED= 57,67

CAUTION -=CONTACT SURFACE HAS A~RIVED,
UATA LRE CHUDE BEYUND T(MSEC) WFTER SKOCK AHRIVAL® 1,5305E-02

FIG, 7.8 OUTPUT RESULTS FOR EXAMPLE ¢
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APPENDIX A
FLOW CHART FOR COMPUTER CODE
The following pages of this appendix give the complete flow

chart for the computer program. It is broken into three loglcal
sections, input, shock wave calculations, and venting calculations.
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INPUT

START

(5700

Read input data

STOP

SUBROUTINE HEDATA
gives equivalent weight
and weights of C,H,N,O,AL
in desired explosive

Read HE data

Print weights

Find PAMB, TAMB (4P SUBROUTINE ARDC

Shock-wave Venting
Calculation Calculation
A-2
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distances, R

Read list of desiredw

|
( Begin R loop )
|

Adjust charge weight,
WLBA

Calc. RSCAL based
on WLBA

Calc. R scaled to

1 LB TNT at sea level

| I

NOLTR 72-231

SHOCK-WAVE CALCULATION

SUBROUTINE TNT
gives approx. AP based

P on preliminary WLBA

22

\ 4P /
5100.4

Calc, approximate
LB/FT of charge

>20.

XSHAPE = 5APP
(based on exgeri~
mental data)

2200,

Find EQU'VX in
infinite~cylinder
data table

|
Cale. XSHAPL=
for o cylinder

1
Take smaller of
XSHAPE and

XSHAPL as the
shape factor

value (AP is needed for
the charge shape
correction).

PRINT WARNING
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APz £723

SHOCK-WAVE CALCULATION (CONT'D)

Make case weight correction
Make charge shape correction

7,

; : Find scaling factors for <100. PRINT WARNING |
! ! reducing desired weight and

: radivs to | Ib. TNT at SL

L Calc. R for 1 Ib. TNT at SL ]

2 oL % TR et e L R S ST

Earl R N SICR NG 2

SUBROUTINE TNT
gives p-t data
for 1 ib, TNT at SL

L Calc nomal reflection factor 1

Cale. reflected impulse
from incident impulse

v

Scale results from 1 b TNT/SL
to desired yield and
ambient conditions

(loop 400)

v

Change impulse from
psi-sec to psi-msec

v

{ PRINT RESULTS ]

Return to R loop 570 «eememmd

<D

A-4

IR VIS " O RSN IIN | W NPT N X T Y

-4 o
B T Ty F oy v ||




RN AT NG, N RAT T S o sy AL ARGV S NTTRY Pl

W R B Vg Tl s

BRI AL AN

NOLTR 72-231
VENTING CALCULATION

{ PRINT INPUT DATA |

SetV = VINIT
A = AINIT

LCalc. moles of AIR ]

READ venting data
PRINT venting data

SUBRGUTINE GASES [meePpfSUBROUTINE GAMMA
gives new specific neat

Calc. AIRLB = b
of gaseous products
+ air

‘ <0 \T
\ 4 Break walls if
L P is large enough
x Get new V,A, ‘
4 AIRADD
3
, lterate for P| SUBROUTINE GAMMA
new T, P,7 s gives new ¥
N loop until no
{ more walls
A ! oreak
' 2110
AR
570
LPRINT VENTING HEADING |
PRINT INITIAL DATA;
A Initialize TIMEI, PA,
3 GRAV, DO, ete

[Calc. PC, DPI, etc I

to venting loop
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VENTING CALCULATION (CONT'D)

Venting
loop

t=t +At

NO \ Has time reachea
vent-change time?

Is P less than

vent-change P? ;

YES

Adjusi At so vent-
change time is
hit exactly

L

calc. AP} cale. AP1
for P1< Pc for P1 >Pc

2650

Adjust P1 to be at
desired time

L Calc. moles of gas 1

——

SUBROUTINE MIX
mixes in air of
new chamber

Calc. new density, etc,
Print new V, A, etc,

B e O N——
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VENTING CALCULATION (CONT'D)

Reduce density due
. to venting

v

Calc. new TEMP;
moles of each gas

&>

If Pl = PC or P1 = PA,
set KOUNT = KMAX2 to
force printing

|
PRINT every KMAX2'th
step

Update initia! values
for next Integration
step

§

3

g

SUBROUTINE GAMMA

gives new Y

Recalc. Pc with
new?Y

v

IfP1<PC,
set NEQN = 2

continve |
venting loop

=<0 v.>0
NR
Read next ] [ Do p-t
set of data. cale.
A-7
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APPENDIX B

INPUT DATA CARDS

This appendix provides descriptions and explanations of all

of the information required on the input data cards for thls program.
Formats of these cards are glven, and the sample problem input cards
in Figure 7.1 can be used as guldes.
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DESCRIPTION OF INPUT DATA CARDS .

FIRST DATA CARD~=FORMAT(TC5e2+ 159 9E5¢2s 315)
NOTE THAT THE THREE QUANTITIES INDICATED BY —=#-= MAY CAUSE ADDITIONAL .
CARDS TO BE READ IN.

wLB sWEIGHT OF EXPLOSIVE CHARGE (POUNDS).
#NUMSER= IDENTIFICATION NUMBER OF DESIRED EXPLOSIVE IN LISTe
IF THE DESIRED EXPLOSIVE IS NOT IN THE LIST, EITHER
€1) USE THE NEAREST AVAILABLE OME IN THE LI1ST, OR
12) ADD THE NEW EXPLOSIVE TO THE L1ST» OR
(3) READ IN THE OESIRED PROPERTIES AFTER THIS CARDs
RLOD sLENGTH/DIAMETER RATIO.
CASE =CASE WEIGHT/EXPLOSIVE WEIGHT RATIO.
VINIT =INITIAL VOLUME OF CHAMBER (.UBIC FEET)e
AINIT =INITIAL VENT AREA (SQUARE FEET).
PAMB =AMBIENT PRESSURE INTO WHICH VENTING OCCURS (PSIA).
TAMB =AMBIENT TEMPERATURE INTO WHICH VENTING OCCURS (CENTIGRADE).
ALTKFT=ALTITUDE (KILOFEET).
IF PAMB AND TAMB ARE BOTH GIVEN AS 0Oes THE CORRECT VALUES WILL BE
FOUND BY THE PROGRAM FROM THE ARDC ATMOSPHERE,
ALTKFT 1S IGNORED IF PAMB AND TAMB ARE NOT 0.
PCHAM =INITIAL AMBIENT PRESSURE IN CHAMBER (PSIA).
TCHAM =INITIAL AMBIENT TEMPERATURE IN CHAMBER (C)e
IF PCHAM AND TCHAM ARE Oes THEY ARE ASSUMED TO EQUAL PAMB AND TAMB.
NOPT =1 DO VENTING CALCe =2 DO SHUCK P-T CALC.
#NY =NUMBER OF CARDS OF VENTING CHANGE DATA TO BE READ IN.
*NR =NUMBER OF RADII AT WHICH SHOCK P-T DATA ARE WANTED.

SECOND DATA CARD, OMIT THIS CARD IF NUMBER IS POSITIVE.
THIS CARD HAS TWO POSSIBLE FORMS DEPENDING ON WHETHER NUMBER IS O OR =1,

1F NUMBER=0y READ IN THE FOLLOWING EXPLOSIVE DATA FOR AN EXPLOSIVE
NOT APPEARING IN THE LIST IN SUBROUTINE HEDATAs FORMAT(7E742)

WFACT =BLAST EQUIVALENCE RELATIVE TO TNT (USUALLY ABOUT 101)e

EFORM =ENERGY OF FORMATION OF THE EXPLOSIVE (CAL/GRAM),

WFC =WEIGHT FRACTION CARBON.

WFH =WEIGHT FRACTION HYDROGEN.

WFN =WEIGHT FRACTION NITROGEN,

WFO  =WEIGHT FRACTION OXYGEN.

WFA =WETGHT FRACTION ALUMINUM,

(NOTE THAT THESE ARE WEIGHT FRACTION, NOT WEIGHT PERCENT.)

IF NUMBER=~1, READ IN THE FOLLOWING DATA FOR PREPARING A MIXTURE
OF THE COMPONENTS IN THE LIST IN SUBROUTINE HEDATA, FORMAT(ETe2+9(13¢F4,3)).
WFACT =BLAST EQUIVALENCE RELATIVE TO TNT (USUALLY ABOUT 1.0}
NUMHE (1)=EXPLOSIVE NUMBER [N THE TABLES,
HEFRAC(1)=WEIGHT FRACTION OF THIS EXPLOSIVE,
NUMHE (2)=SAME FOR SECOND COMPONENT,
HEFRAC(2)=SAME FOR SECOND COMPONENT.
coe CONTINUE FOR AS MANY AS 9 COMPONENTS.

8-2
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THIRO DATA CARD(S)e OMIT IF NV=z0e. FORMAT(6ET.201T)
THERE 1S ONE CARD PER No THERE ARE NV OF THESE CARDS.
THIS 1S AN ARRAY OF VENT AREA AND VOLUME CHANGES.
PV(N) =PRESSURE AT WHICH A-V CHANGE IS TO OCCUR (PSIA)e IF THE INITIAL
CHAMBER PRESSURE EXCEEDS PV(N)s A NEWw CHAMBER 1S5 ADDED.
TV(N) =TIME AT WHICH A~V CHANGE IS TO OCCUR (SEQ).
VV(N) =NEW VOLUME TO BE ADDED (CUBIC FEET}.
AV(N) =NEW VENT AREA TO BE ADDED (SQUARE FEET).
PAVIN)=AMBIENT PRESSURE IN NEW VOLUME (PSIA)e
TAV(N)=AMBIENT TEMPERATURE IN NEW VOLUME (C)e
NOPTV(N)=CONTROLS USF OF VENT AREA AND VOLUME CHANGE TABLES.
=) BREAK INTO NEW VOLUME IF INITIAL PRESSURE EXCEEDS PV(N).
22 BREAK INYO NEW VOLUME IF TIME TVIN) IS REACHED.
=3 BREAK INTO NEW VOLUME IF PRESSURE EXCEEDS PV(N) WHEN TIME
TVIN} IS REACHED.

FOURTH DATA CARD(S}e OMIT IF NR20e FORMAT (10ET742)
THERE ARE NR/10 OF THESE CARDS WITH 10 R VALUES PER CARD.
TOTAL OF NR ELEMENTS IN ARRAY.
R(I) =ARRAY Of DESIRED RADII AT WHICH SHOCK P=T DATA IS5 WANTED (FT),

8-3
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A complete alphabetical listing of all program variables used
in thls code 1s given in this appendix.

each listed variable.
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APPENDIX C

DEFINITIONS O. PROGRAM VARIABLES

Also a definition accompanies
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DEFINITIONS OF PROGRAM VARIABLES

=CURRFNT VALUT CF VENT APEA(SC FT).

AINIT =INITIAL VENT AREAMISG FT)e
ATRADYI2LA MOLFS OF AR TN LOwLY ADDED CHINGERR.
AIREIL=LE ¥OLEL OF IR IN ALL ACTIVF CHANMRERS.

ALTKFT=ALTITUDE(RILSFEEY )

AV
ALTH
ALT2
CASE
DIF1
DIF2
oP1
D@

o7
OTEVP

sARRAY OF HEW VENT ARLCAS(SQ FT),

2QEUPUTE T LAL ALTITUE(NETERD) @
sALTITUSDLIMETEZRS) AclLVL MUEAN SEA LEVEL.

sCAST WEiGHT/i4a%0: walundT RATIO.

=PREVIOUS DIFFTRFANCE BCTWFEN ? wAYS TO CaLC P,
sCUIREMT DIFFTRENCT FETWEEN 2 vAYS TO CALC P,
=INTLGRATIUN INTERVAL I[N PRESSURE(PSF )
=ENCRGY AOUEUIRCAL) IN INTEGRATIUN STEP.
sINTEGRATION INTERVAL [N FINCING TEMPZIRATURE.
2TIMPERATURE(R) IANTERVAL IN TePeG ITERATIONG

DTIMEL=TIME INTERVAL IN VENTING INTEGRATION (52C)e

OUM  sDUMYY VARIABLE IN SUSROUTINE CalL.

ole} sDENSITY(LB/CS FT) AT START OF VENTING STEP,
D1 =DENSITY(LEB/CU FT) AT END OF VENTING STER,

EF 3ARRAY OF HE INERGY OF FCRMATION DATA (CaL/G)e

T ; v Lt SO T SUC AR A B 278 o
R R A TG TR R T T TVIR AR A L AR T LTI N G e PARLAT L AN

e e e TSP TR N

aGT USED IF PAYMYe TAMY ARE GIVEN.

EFORM sENERGY JF FCIIYMATICN UF ODUESIRED EXPLOSIVE (KCAL/G)e
EQUIVX=INTERMELIATe GUARTITY Ih CHARGE SHAPE CCRRECTION.
EQUIV22ARRAY Cr CYL=5PH LUUIVALLNCE FACTURS.

ECwT =EQUIVALINT abIGHT RLFLRRLv TU THT (FOR SHOCK CALCS)e
FA sARRAY OF WEIGHT FRACTION AL,

FC sARRAY OF WEIGHT FRACTION Co

FH =ARRAY OF w¥I1GHT FRACTIOMN He

FN =ARRAY OF WEIGHT FRACTIOM No

FO sARRAY OF WEICHT FRACTION Q.

FLEFT sLOSS FRACTICN FOR VLATInG MASS CHANGES.

FRAC =INTERPOLATIO\ FACTOR,

<] =CURRENT VALUE OF SPECIFIC HLAT RATIO.

GASLB3 =POUNDS JF GA3 REMAINING IN LCTIVE CrlfhViZRS

GASMIL=LE NMOLES OF GAS REMAINING i ACTIVE CHAYBERS.

GG £(G=1417"

GRAV =ACCFLERATION OF GRAVITY =32,2 FT/SEC/SEC,

GO =SPECIFIC HEAT RATIC AT OTART CF INTEGRATICN STEP.
Gl =SPECIFIC BEST RATIO AFTLR MIXING GASZse

G2 =SPLCIFI. HEAT RATIO.

HEFRAC=ARRAY OF WCIGHT FRACTIONS (USEC wITH NUMHE).

HF SALTREVIATICN FOR HEFRAC(L)

! =GENERAL Z0~LZOP INMUEXe

IR 2[NLECX FSR LC-LCCP ON R(IR)e RANGE IS 1 TO M.
J =DO-LJ0P INDEX

JJ =DESIRED TNT CATA LIt oETWEEN REJJ) AND R(JJ=1)e
K =NI-LO0P INDEX
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KMAX]1 sDESIRCD NUHMOIR CF P-T POINTS LEFORE HE GASES ARRIVE.
TYPICAL VAL UES ARF 10 TO 40,

KifAX2 sVENTING PRINTUUT Confnule PRINT ALIUT 100/KNAX2 LINES
DATAs TYPICAL VALJUIS ARE & Tu 10

KOUNT sCUUNTER FUR PRINTING LuniING VENT Lhue

L =D0=-LOC2 INDFX

MCO LR “CLES NF CN  I% THR CHAYSER,

MCO2 =LE MOLES OF CC2 ™ THE CHAYKER,

My2 LB “OLES OF HZ2 I% THE CHAER,

MH2D  =LB MZLES CF M2T 1IN THT CHA'BER,

MN2 =B MCLES CF N2 I THL CiiAMiER,

1402 sL8 MCLES OF 02 IN THE ChHAYLER,

1)} aGRAM “MOLES OF CC2 FURMEC

»2 sGRAM QLTS OF H2 FOFEC,

M3 =NOT USED,

G sNCT USED,

M5 =GRAM "OLES OF ALZO3 FORVEL.

M6 =NOT USEUv.

M7 =NOT USED.

b} 2GRAM *QLES OF H20 FORMED.

MO =GRAV ''OLES OF CO FCR™ED,

NAME =ARRAY FOR NAMYES CF EXPLCSIVESe

NAMES =ARRAY FCR KAME OF DESIRED EXPLNSIVE,

N sEXPLOSIVE NUMRER IN TABLEs CR CHAMSER EREAKING INDEX,

NN =INDEX FCR VENTING LOCP,

OF

NEQN =1 FOR PeGTePCy 22 FCR PoelLTePC (C=OOSES VENTING EQUATION).

NOPT =1 DO VENTING CALC, 22 DC SHOCK P-T CALC,
NOPTV(N)=ARRAY OF WALL-BREAKING CPTICNS.

=] BREAK WALL IF PRESSURE EXCEEDS PVIN).

=2 BREAK WALL WHEN TIMEC TV(N) 1S REACHED.

=3 AREAK WALL IF PRFSSURE EXCEENS PV(N) AT TINE TVIN),
NR =NUMBER CF ELLIIENTS 1IN USE IN R ARRLY (1 TO 100)e °
NSAVE =LAST LIMNE OF VENT DATA USED IN INITIAL BREAKS.
NUMBER=NUVJER UF DESIREU eXPLOSIVE Ih UATA L1IST.

NUMHE =ARRAY OF tXPLUSIVI HwunbLERS FOR ARLTRARY MIXING UP OF HE.

NV =NUHLER UF ELECENTS [h VEMTING ARRAYe

N1l =GRAM 401.LES OF C IN THE EXPLCSIVE,

N2 =GRAY “IOLES 2F 42 IN THE EXPLOSIVE.

N3 =GRAIY “OLES OF N2 IN THE EXPLOSIVE.

N& =GRAY "'OLES OF 02 IN THE “XPLOSIVE.

NS =GRAM MOLES OF AL IM THE EXPLOSIVE.

N6 =GRAM MOLES OF N2 IN THE C(HAMBIR AlR.

N7 =GRAY “MOLES OF 02 IN THE CHAMBLER AlIR,
OVERP2=zARRAY OF CYL-5PH tQUIVALENCE CVERPRESSURES (PSI)e
OVPSI =QVERPILSSURE(PSI) AT START CF YENTINGe
OVPSI1=CURRENT OVERPRESSURE(PS!).

OVPN -~ =QVERPIESSURE(PST) AT STAFPT OF VENTING STEP.
OVP1 =0VERPIESS.RE(PSI) AT END CF VENTIRG STEP,
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P(1) =ARRAY OF INCICENT OVIRPRLSSURL(PSI) FOR TNT,

PA sIATIAL CVERDPRESSIRE(PST) IN CHANLER WITHOUT GAMMA CORR.
PAMB  =JUTSIDE AMRIENT PRESSURE(PSLTA),

PAV(N)=ARTAY OF AMGIENT PRLISURELS(PSIA) IN NEW ChANOERS.
PCILJJI=ARSAY OF CUWTACT SURFACE AKRIVAL TIME(SEC) OATA FOR TNT.
PCHAM =INITIAL AIR PRESSURLIPALIA) @i CRIGINAL CHANDERS

PCINT =CC WTACT SURFACE OVLRPRESSUREL(PSI) AT RTNT.

PI =QVERPR/PEAS UVERP RATIC FRON FITTING £QUATION

PINIT =(A'TIAL CHAVOER PRESSURF(PSFA) CEFORE wALLS BREAK,

PSCAL =S5C’LING FACTCR FQOR RELUCING PRESSURES TO SEA LEVEL.
PSFAMERDUTSIDE ARITNT PRIFSSURE(PSFA),

PSFCH =CH2MBER PRESSURE(PSFAY,

PSI(1)=AR"AY OF UVERPFESSURC(P3I) AT DESIRED RADILS R AT TIME Titl)e
PSIREFLI)=sREFLLCT>. CVLRPRLSSURE(PST) CORRESPe TO PSIC(I)

PTNT =PELK CVERPRESSURE(PSI) AT RTNT,

PTSCAL=PS7AL#TSCAL

PV(MN) =ARRAY COF PRESSURES(PSIA) WALLS CAN wITHSTAND,

PO sPRESSURE(PSFA) AT START OF VENTING STEP.

POPS! =PC [N OVERPIESSURE(PSI),

Pl =2PRESSURE(PSFA) I ENU OF VENTING STEP.

PL1PST =PRISSURE(PSIA) AT chw OF VERTING STEP.

p2 sPRESSURE(PSFA) AFTER wALL JIREAKSe

P2A sPRESSURE FRUM FIRST EUN (FOR ¢ IRING Twd CHAMBERS)

P28 sPREISSURE FRCY SECONS EQN (FOR MIXING TWO CHAMEERS)e

Q sENSRGY(KCAL) RELEASED 3Y EXPLOSION,

QPERG =ENIRGY RELFASFD(KCAL/GRAEY Y,

Q1 sCUYULATIVE ENERGY DURING INTEGRATICN FOR TEMPERATURE.

R =QRAM MOLES J2 LEFT 1IN CoAMLER (CALLLED RR IN BLAST)W

R(I) =ARRAY OF LtolREu LILTANCESIFT)e NR ELEMENTS IN THIS ARRAY.
RCM sDISTANCE R(1) CONVERTEL TG CMe

REF =2QVIRPRESSURE REFLCCTION FACTOR,

RESULT =CJANTITICS BEING PIINTED IN SULROUTINE GASESe

RLOD =LEMGTH/DIANETER RATIO OF CHARGE.

R =(IMN BLAST Q'LY) GFA™ "CLES CF C¢ LEFT IN THC CHAMSER.
RSCAL aSCALING FALTCOR FUR REWUCING RADIT TO SEA LEVEL.

RTNT  =R(IP) RELUCED TO 1 Lo TNT AT SEx LEVELe

SIGHA =2SHAPE PARALETER IN FITTLubG EQUATICH FOR P=T DATA FCR INhNTe
T #TEVPLRATUREIR) IN SULRUUTINC GAMMA.

TAMS =QUTSIDE AMBIENT TEMPERATURLIC). .
TAY =FRACTION OF POSITIVE DURATICN RASED ON 65¢ C4 CURVE SHAPE.
TAV(N)=ARIAY OF AVRIENT TEMPSIC) IN NEv CHAMBERS

TCHAM =INITIAL TEMP(C) IN CRIGINAL CH2SCER BEFORE EXPLOSICN
TCLJIJI=ASIAY OF TIME(SEC) LETwich SHOCKR AND €S ARRIVAL FOR TANT,
TCMSEC=TLTNT [N MSIC,

TCVINT sCCNTACT SURFACE ARRIVAL TIME(SEC) AT RTNTe

TEVP =TI PERATURC IN ARCUC HuuRUUTINC .

TEMPQ =GAS Te"'PIR) AT START CF VENTING STEP

TEVMPL =G2S TFMD(R) AT £AD CF VEMTING STEP,

TEP2 =Gi& TEWP(R) AFTER AEW CHAMRER 15 ADDED,

TF =5A5 TEMPERATURE(FARRENHEIT)
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TIMEY =TI~E(SECY AT TND OF VENTING STOP,

TOTIOL=TOTAL PTULO IULES OF GASLS IN CHAMGER.
TP(JJ)=ARRAY OF PUSITIVE OVERPR DURATICN(SEC) FOR TNT,
TPTRT =PLEITIVE PHAST JULATIUN(SEC) AT RTNT.

R SGAS TFYMPUIR) IN CHAMQER,

TRCH  =ANLILNT T20PIR) ]+ URIGILAL CrAkotR LEFCRE EXPLCSION
TS(JJ)=ARRAY OFSHUCKR FRONT ARRIVAL TIVI(SEC) UATA FCR TNT.
TSCAL =SCALING FACTCR FCR RELUCING TIMES TO SEA LEVEL.
TSTNT sSHCCK Fix""tT ARPIvaL TINRE(SEC) AT 2TNT.

TVIR) =ASRAY JF TIMFESIETC) FCR [.IEAKING WALLS.

T1(1) =ARIAY CF THME(SLC) ~FTER veTORATICN.

T2(1) =ARRAY OF TIME(3EC) AFTER SHOCK ARRIVAL.

) sSPECIFIC HEAT CF 7AS MIXTURE.

vl sSPECIFIC AEAT OF CC2e

v2 sSPECIFIC HEAT OF ri2e

us =SPECIFIC HEAT OF 02.

uée sSPECIFIC HFAT OF N2.

us sSPECIFIC HEAT CF '12C.

u9 sSPECIFIC HEAT OF {0

v sACTIVE VCOLUNE(TU FT)e

VINIT sINIT{AL CHAMSER VOLUME(CD FT),

VVIN) sARRAY OF MNEs CHAMEER YOLUMLS(OU FT)e

vo =CHANMBER VOLUMc(CU FT) AT START OF VENTING STEP.
vl sCHAYRER VOLUME(CU FT) AT END OF VENTING STEP.

v2 sCHAMBER VOLUVE(CU FT) AFTZR Hiw CHAMbEZR 15 ADDED,
WA =POUNDS CF *L IN THE EXPLOSIVE.

wC =POWNDS CF C IN THE EXPLOSIVE.

WFA s EIGhT FRACTION OF AL IN ThE SAPLUSIVE.

WFACT =CHARGE LNEROY RELATIVE TO EQUAL GEIGHT OF TNT,
wFC sdEIGHT FRACTION CF C IN THE EXPLOSIVE.

WFH 22EIGHT FRACTION CF H IN THE EXPLOSIVE.

wWFN =xCIGHT FRACTION OF N [N THE EXPLOSIVE,

WFO swEIGHT FRACTION OF O IN THL &xXPLOSIVie

wFT 2APPRCXTNATE CHARGL LELGTH(FT).

WH sPCYKDS CF H IN THE LXPLUSIVE.

WLe sYEJGHT(Lb) OF EXFLOSIVE CHARGE.

WLBA =ADJUSTED CHARGE wElonT(Lu)e

WN =PCUNDS OF N IN THE EXPLCSIVE.

W0 =PCUNDS CF O IM THZ EXPLOSIVE.

WPERL sAPPROXIVATZ CHARGE wEIGAT PER NIT LENGTH(LU/FT).
XCASE =CCRRECTION FACTOR FOR CASE EFFZCT,

XEMP1 =SIDE=-CN POSITIVE [/PULSE BEFORZ HE GAS ARRIVAL (PSIeMSEC).
AIMPLR2REFLECTEY JVLRPR PCSITIVE [IPULSE oBEFORE GAS ARR (PSI.MSEC).
XSHAPE=LIIRECTION FACTOR FUR CHARGE CYLINDRICITY,.
XSHAPLCOIRECTION FACTCR Fuk INFINITZ LIAt CHARGE.

X2 =GRAI MOLES OF GAS IMN IN CHAMNGER,

X3 =GRAM HMOLES OF GAS IN CHAMGER wiTHOUT THE AlIR.

C-5

i e o e e ——— . - e ————— an me = e

AP TN TN

N e VY T e

oy F e

3 AP SRR TSR R e ST, e Sy b AR

s,




This appendix gives the complete FORTRAN listing of the computer
program. All seven sections are labeled with appropriate card

numbers.

BLAS0010
MIX 0010
HEDAOO10
GAMMOO10
GAS 0010
TNT 0010
ARDCO0010

NOLTR 72-231

APPENDIX D

BLAS3160
MIX 0270
HEDA1400
GAMMO160
GAS 0890
TNT 1330
ARDCO410

FORTRAN LISTING OF PROGRAM
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FORTRAN LISTING OF PROGRAM
AROGRAY RLAST(IYPUT 4 OuTPUT) obA30010
COMICNZCATAY /WL ellul LR oeRL e CoChSE oVInTIT oA INIToPAN: o TAND o ALTKF T gLL30020
1 PCHAN o TCH A oM P T oaVeiRe “FAlTHlFCx™ vle30030
C\.)-'":.--un‘i/ T:u'l‘o/atllr't’\l AX] LLAS300+0
Lol TR T/ LT o Tt T ol T T o T TuToPUTIToPSItLC) o TG0 o TL(GC) LL~30090
1edJeX'P1 LLA3006C
COIRMUN WL GANL I 0t 00 Cuos CUZ 0l il e i vl A36070
COMWON/ZHENASI/vContoline v an olLAS0060
COMMON P NTRRL T/ uF et Than FNgs T3y F2 fLL50090
COMMON/GAS/B 0t e2 0020 000 0.6 0Ty 5L+~50100
1 M1eMQeM3g elne’he'Te" e’y RANeX2 ».450110
COMNUN/VENTZ PYLICYoTVLII) oW VIIA) o AVITN)oRAVILINY 9 TAVILIO) oauPTVII0I5LE30120
1N oL4A30130
COMIINZRE /S HL (G ) s HCFAAL (D) dLA50135
7 DIMENSICH PSIRLF(4D)eRI1CO) BLA301«)
3 4 oL~30159
: DLMENSTION OVERP2(241),C0UIV2I24) BLASU160
: REAL *202A,y%3 SL23C170
A REAL 1029 'N29~CIe™MC 24~ HIM " H2 8L25016¢C
: r gLas010¢
f C TABLES FOR CYLINIRICAL V5 SPHERICAL CHARCE TWUIVALZINCE, 8LA5000
5 DATA EQUIV275612+4e9C0%eC005000036L00coe0v0d0n09leiToled30leTly LLAS0250
e 1 1053010359302090100506800e%4500249015800CH594057 BLA50252
& 2 «04290N4NM 407390139/ DBLASQ254
X DATA OVERF2/¢0 00300040 0950000060 Ne 970 Ces8C0e99NCes1000e9310Ges 3SLA50260
i IR T UL PR R LIRS PPN L L L P b AL P L P L L PR L LMY LAY 1127 PO 5L250262
N 2 H0NNG 958N 9y TN NG9 1,56/ BlL150264
X L BLA30Z9C
B 300 FOWATIESCe1599E5429315) pLa50300
% 325 FORMATILT o251 130FR03)) BLAS020Y
7 310 FORVAT(10E7.M) BLASD310
3 220 FORWAT(#9SHICK HAVE CALCULATIONR#/ 5L450520
1#CINPUT PARLETFRS #916X #CHARGE WEIGHT ADJUSTIENTSG#/ 2LA8033C
i 2% CHARGE “WEI~HT(LI) s#C120404X e ¥AVJUSTED &HTILL THTY  =#G1le4/ 5L:250340
H 3# EXPLOSIVE “uwHER =416910Ky #HE LYERGY FACTOR x#3)lcee/ BLA3C:50
4 % L/D RATIO 2HG120bobX g #CHARDE NrinPE FACTUR  a#Gleed/ olal0350
" 5% CASE/CHARGE &1 RATIV 280126400 ne® 0L wEILIT FACTOR x#5lceq/ LLA50370
; 6% CHAMBER FRISOUREIPSTAIZ*L1Z2ebsbXowPRUSSURE LCALS FACT! k2%Glced/ £L230300
: 7# CHANFER TEP(C) 2%4G12eb94Xo#Ul3TALLE ICALLD FACTORz#31ce4/ 0LA30590
* 8% ALTITUDE (KFTH 2#Gl2ebeuXo*T1.2 SCALL FACTUR x#Gllew/ BLAS0400
3 9 36X 4X o #N0P:- AL REFL FACTUR 2451 2e«) DHLLJHLC
3 G20 FORMATIRIILTIRNAL CLAST DAVAGE MECWANTSMS PIGORAM,y MAR 19724#) EL:50%20
{ 429 FORUATI#ORESIRED MISTANCE(FT) =#1PG1244/ BLA50430
x 1# (Cit)  3%1PGle6) BLAS0% w0
3 450 FIWAT bLA30450
f 1#0 TIMC AFTER  Tlee AFTER INCTuehT hORe REFL %7 blLa50%00
2% EXPLISIGC SHUCK ARR LVLInPRESO UVERPRESS #/ bLaA30%70
4 s {*1SEC) (MBEQ) (PS1 (PS1) ) BL~A30480
- LA0 FARUAT(1X41PLR1244) PLAS0490
N 500 FORVAT(RNIVELLSE (PS] oS ) mat/ BLA450500
2 1» [RCININT =#1PR1264/¥ REFLECTEC=%1P51244) BLASOS10
g, 521) FORMATI#ACA TIUie==CCuTACT SURFACL HAS ARRIVED e/ ola5C520
; 1» DATA LRE CRULE LCYONRL T{ro2C) AFTLR SHUCA ARKIVAL=®#1EGl2ew) 0LLASOL30 A
A 535 FORMATE# {raRRGe 3raPL COKIFLCTIVY 15 CRULLe PID EXCLEVS #/ tladdv05 4
X 1 * RAGGE CF EXPERI-LTAL UATAG#) BLASUL 3T g
; S40 FORMAT(® CAZZ LEIGHT CURKECTIUN 1S ChULEse PSI EXCEEDLS #/ BLA3VD40 p/
%
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- 1 @ QANAT OF SXOFREUrLTAL TATAL®) BLASODGLZ
KMAX1210  €evAX?=]C BLASCH60
C LLALO®6L :
C RTAD [INOUT "aTs, BLASOY6S
g 570 REAU 30%¢ :LualcbnoRLLweCAz o VINIToallilToPAMOoTAIILIALTAF Ty cLASQDT0
1 PCHAM o TCHAN o3P ToliVeilR 6LAS0272
IF(vLidebtEe™e) TSP “PRINT «2C  SIFtiwWNDERCEUSD) GO TC 600 bLAS0S T4
IFIMUMIER T oa]) A0 TO 576 SLAS0276
REAL 3059 iFLCToiNGFHE (1) oHuFRAC{T)oln149) 6LAS0580
506 CALL HEDAT. 360 TO @05 GLAS0596
600 READ 310¢uFalToLFUnitenb et tgal lignbGerTA  SEFORASEFLINZLI000. LLASQ600
C FOUNDS CF EACH ZLEiznT WLAS00Ce
60% ACanFCoali SsomaFrifals  3aNswrn®olt  26UsaFUKLE SnABKFARLLL bBLASC605
! IF(uFACT4GT40s) 5D TC 615 sLAS0608
! “FACT=1, PRINT 612 3LAS0610
! 612 FORMAT(# weaCT L.CT AnCitive 1o 1S USENGE) 5LASO612
515 PRINT 6209MUMBER 9 #FACT oLFCR Vo uFloab ko dFNenFOeuFA bLASO61S
620 FORJAT(#ASXPLOGIVE PRUPERTI{ %/ bLASO020
1% NUIEER EDeT EFUKem EXPLVIIVE CUWPUSITICN LY SEIGHT®/ OLAS0625
2% LCAL/G C H N 0 AL %/ olLA%0630
31H ol49F7e34FBo595F643) BLAS0640
€ FIND PAMR AMD TAV2 IF NCT GIVFile BLASO0650
TF(PAMP (EC 201 CALL ARCCIALTRFToPANE ¢ TAMR) BLAS0660
IF(PCHAN LE.D,) PCHAMSPANMR  SIFITCHAXY oLEs0e) TCHANMSTAMB BLAS0670
; € DO VENTING CALC IF NCPTsl AND UC SHUCK WAVE CALC IF NOPTs2, BLAS06S0
IF(MOPTLTL2) GC TO 1540 GLASO700
. C BlLASO710
\ C 3E€6IN 3HOCR=wiVE PRCPelTIe5 SLCTICH. BLASUTZ0
% 730 REAV 2109(RIIR) o+ IR=1sNR) bLAS0730 E
DO 1489 13x! MR +IF(IRecQel) GO TO 760 BLASO740 H'
PRIMNT 420  BPRINT 6209NUERsr.FACT oLFORMo'WFC o #FH o) FNoWFOo'WFA oLASQ750C ;
760 RCMaR(IR)SING4R bLAS0760
C ADJUST CHARGE w7i16rT, RLASO7T0
A YLBARILINYFACT  SPANSEPCHAY  3TALUSTCHAY BLASO780
1 RSCAL® {14/ LOARPANE /140656175 )#8433353533 £.AS0800
3 RTAT=C «#RSCAL SCALL THTHC) oLAS0810
¢ C '4AKE CHARGE SHAP: CURRECTICH tLA®0d30
XSHAPE2le  SIF(RLUUGLTZe} GO TC 1149 BLAS0840
! IF(PSI(1)eGTalNNe) PRINT 339 BLASQE50
C CHARGE “EIRAT PFR UMIT LENGTH OF CYLINDRICAL CHARGE, bLASQE60
YWPERLE( 24141481004/ 444RLOS*H2))1K#4333237333 #ALBA#R 66666666 GLAS0870
C MAKE CHARGE SHAPE CORRLCTICNS uLAS0680
IFIPSI(1)eHTe20¢) GO TU 90C  3XCHAPE=le45  3GD TU 1140 BLAS0690
990 XSHAPE=N,5123#PGI(1)1#8,287 LLAS0900
C FIND INFINITE=CYLInwER CHARGE SnAPe CURRECTIuhve bLAS0910
IFIPSIt1YelTe2%0e) GC TO 1140 olLAS092C
DI 940 [=22424 SIF(P51(1)eLTeOVERP2(I)) GO TO 950 BLAS0930
< 940 CONTINUE {24 BLAS0940
: 050 FRAC=(PSI(1)=OVERP2(1-1))/(UVERP2(1)-OVERPZ{1~11}) BLAS0950
> ECQUIVX2EQUIV2( 1=l )+FRACH(LLJIV2(E)=EGUIVZIT=1)) BLASQ960
XSHAPLSEJUIVX# P RL##] o 5/74LDA BLASQ970
IFIXSHAPLOLT e X3mAPL) XIHAPLEXSHAPL bLASOYL0
€ TEST IF wellIaLY JILTAKCLE I35 CLISE EnwuuGH TO CHAAGE FUR GUOD KESULTS. ©wbLASLIDLO0
C APPROXes CHARGE LENINTH, 8LAS1020
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1039 »FT2WPEQL® VLA
€ “&xXF CASE “FIGMT CORRECTIONe CASEsCASE/CHARGE WEIGHT RAT{O.
11640 XCASESNuT4n53/7(144CAGE) )
[F(CASEoLTo0e53) XCASE2]4=CASEP#2/(1e+CASE)
WALBASALAMRXSAPE#XCASE
IFIPSIt1)eGTel0e) PRINT 540
C FIND SPALINA FAFTINRS,
PESCALS14oANAYTAIPAVR
RSCALS{ Y o/ "LRARPANE /166701 TR 84323232222
TSCALSRSCAL#SORT((273,164TANA)/7288416)
C FIND DESIRED RADIUS FCR 1 LB TihT AT SEA LEVEL.
RTNT=RC " #RSC:L
C FIND DATA IN TA-LES.
CALL TNT(1)
C CALCULATZ NORMAL RIFLECTION FACTCR.
IFIPSI(11eGTo2ne) &GO TO 1289
REFE(To#106570 17044 4%PST{1)1)1/(Te%14e6761T84PSL(1))#2,5G0 TO 1290
1280 RPEFx=3,1842,37T#ALOGINIPSI(1)) 3IF(REFeGTelde) REFs13,
1200 X]4P1P=xx]"D1eREF
C SCALE ESULTS TG DESIRED CHARGe #tIGHT AiD AMolENT CONDITIONSe
C CHANGE TIMES FRCY SECUNDS TO MSECe
NO 1380 K=1.KMAXY
PSItX)sPSTI(K)/PSCAL $SPSIREF(K)=PS] (K)*REF
TL(K)2T1(K)/TSCAL#10ND, $T21K)=T2(K)/TSCAL#1000.
1360 COMNTIMIF
PTSCAL=PSCAL #TSCAL
X{4P1=X]MP1%10NN4/7PTSCAL SXIMPIRsXIMPLIR®10006/7P TSCAL
C PRINT THE RESULTS,
PRINT 320¢uloeviLBAs hUNMSERe#FAZTe RLODeXGHAPEs CASCoACASEs
1 PAFSsPSCALY TANOWRSCAL e ALTAFToTSCALy REF
PRINT 43n4R(IR) +RCH IPRINT 4%)
PRINT 400y (TIIK)9T2(K)9PSI(K)oPSIREF(K) 9Kn1¢KHAX] )
PRINT S00.XIP1yXINPIR ITCHSECSTCTHT®NINN0L/7TSCAL
IFIRTNTLLT.654) PRINT 52Nn4TCMNSEC
1480 CONTINUE

GC TO 571
C END SHOCK=-AAVE PROPERTIES SECTICNe
C
c

C BFGIN VENTING SECTION,
1560 PRINT 1550 ¢4LBsVINIToAINIToPA Ry TAMB oPCHAM o TCHAM NCPT NV
15597 FORUAT(#OVENTING CALCULATION®/
1#0CHARAE weI4aMT (L) 28G1246/
3* INIT VOLUL-E(IU FT) 2451264/
b® INIT VENT AREA(SY FT) =#312e4/
5% AMIIENT PRISSURE(PSIA)=4G12e4/

6% AMALIENT TEUp((C) 2 8G1264/
78 CHAYERD PREQSUNE(NGIAY=8G] D04/
fs CHAMGER TFYP(C) 84G1244/

0% NCPTz#13,¢ ;Vs#]3)

1650 FORMATIGET %1 T)

1660 FORIATI#OTL:LE CF VOLUNE AND VENT AREA CHANGLS®/
1e PIPSIAY TISEC) vicy FT) ALSvY FT) PAMB(PSIAY
2"'3(C) KOPTYS/10(1H +6hG12e40127))

1620 FORMAT(#0REZIN VENTING CALCULATION®)

BT N DR VRTINS I THR S 12 SO TP T AT

E£LAS1030
CLASL13D
ELAS51140
BLAS1150
ELAS1160
ELAS1162
ELASLL1T0
BLAS1180
ELAS1190
ELAS1200
BLAS1<10

6LAS1<¢20

vLAS1230
cLAS1c40
ELAS1450
BLAS1260
ELAS1270
ELAS1280
BLAS1290
BLAS13500
6LAS1310
FLAS1320
8LAS1330
BLAS1340
SLAS1350
BLAS1255
3LAS81360
BLAS1580
aLAS1390
BLAS1400
oLAS1410
5LAS1620
BLAS1430
ELAS1440
5LA51480
3LAS1490
8LA51500
5LAS1510
aLaslsao
B8LAS1530
3LAS1560
SLAS1550
HLAS1560
BLASL1580
8LAS1590
8LAS1600
BLAS1610
ALASIA20
8LAS1630
vLAS1640
8LAS1650
bLAS1660
TAolAS1670
8LAS1680
8LAS1690
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¢ BLAS1700
AzAINIT B8LASL1T10
PRINT 1690 BLAS1720
PSFCHaPCHAN® 14k, STRCHE (TCHAN+2T73416)%1.8 SPSFALEsPANB#*144, BLAS1730
C POUND MCLES CF AlR, BLASL1T740
ATRMOL=PSFCHOVINIT/ (1545 ,#TRCH) BLAS17S0
IFINVeLELN)Y 6D TO 1790 BLAS1760
READ lﬁSOo(PV(N).YV(N)oVV(h)oAV(N)oPAV(N)oTAV(N)'NQPTV(N)vHsloNV) oLAS. 770
PRXNT!660o(PV(N).TV(N)oVV(N).AV(N).PAV(N),TAV(N)-NOPTV(N).N-I.NV) BLAS1780
1790 CALL GASES(VINITsAIR:CLICVPCIGCeTR) BLAS1790
GASLB232,#:024 284#ih24 284%.C0¢ 444%0C02¢+ 1Bo#MH204+ 2, #MH2 BLAS1800
GASHOL 202+ 24CO+'C 124" ' H2C+*1H2 BLAS1610
C PINITSINITIAL CoAMOLR PRISSUR: (P5FA) AFTFR EXPLOSION. BLAS1E20
PINIT=OVPC-144s +PSFCH BL.AS1830
POaPINIT SVNsVINIT STEMPN=TR SNSAVE=} BLAS1840
IFINVeLE,") =D TO 2110 BLAS185¢
IFINOPTVI(11¢NEQL) GO TO 2110 BLAS1860
C BLAS1870
C BREAK WALLS IF PO EXCZEDS TABULATED VALUES. BLAS1680
DO 2070 N=l.AV SNSAVE=N BLAS1390
IF(NOPTVIN)oeAEsl) GO TO 2110 BLAS1900
IF(POLTPVINI*#14L,e) GO TO 2870 £L.AS1910
AzA+AV(N) BLAS1920
CALL MIX(P2sVNeTEPOsGOsGASHOL s P2eV2Z4TEMNP29G29sAIRADD) BLAS1930
POsP2 $VOo=v2 $TEMPO=TEMP2 $G0=062 BLAS1940
C POy VOo TENPCs GC ARE NO4 AFTER NEW VOLUME 1S ADDED BLAS1950
C ADD NEW AIR TC MCLES OF N2 AND 02, BLAS1960
¥N23MN2+,T7909#AIRADD $:.022C2+4420954#AIRADD BLAS1970
GASMOL 2M024MN2+1CO+MCO2+:H2C+MA2 BLAS1980
POPSTI=P0/144, BLAS1990
PRINT 201, 4VV(IN)IoV20A4PNPST 52 BLAS2000
2010 FORMAT(#OFATLURE LEVEL IN TAGLE SXCEENFDo#/ 2LAS52010
1% VOLUVE INCREASE(CY FT)x#G12,4/ BLAS2020
2% NEW TOT VOL (CU FT) 401244/ BLAS2C30
3% NEW TOT ARZA (SO FT) =#G12,4/ BLAS2040
4® NEw PRESSURE(PSIA) =2Gl2e4/ BLAS2050
5% NEW GAMMA #0244 BLAS2060
2070 CONTINUE BLAS2070
C INITIAL BREAKING INTO KEW CHAMRERS IS NOW COMPLETED, BLAS2080
C BLAS2090
C KD VENTING IF aREAsn, BLAS2100
2110 IF{AeSDe0e) SO TQ 579 BLAS2110
C POxINITIAL PEAK PRESSURE (FSFA). BLAS2120
C VO=INITIAL VCLUME (Cu FT)e BLASZ2130
C TO=INITIAL TEZMP(R)e BLAS2140
PRINT 2160 BLAS2150
2160 FORMAT(#nAFGIN VENTING CF GASFSH#/ BLAS2160
1#* OVERPR(PSI) TINE(SEC)H GASES(LE) TEXP (R GAMMA NEQN#®*) BLAS2170
OVPSI=(Pn=PSFAFD) /144, STIVEl=0, ¢6=069 BLAS2180
GASLFi232,#M024 2B4%#V0i24 284%°3CC+ 4bo#%CC2+ 18#MH20e 24 #14H2 BLAS2190
PRINT 303000VP31+TIELvGASLLTEINPOSG BLAS2¢00
PA=PSFA SGRAV=32,2 BLAS2<10
C DENSITY (LT/CY FTye BLAS2220
DO0=GASLA/VO BLAS2230

C CRITICAL PRESSURE (P5FA), BLAS2240
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: PCaPA/{{26/(C416)18%(G/(Cm141)) ~ 8SLAS2250
g € PRESSURE INCRE“ENT 5LAS2£60
i DP1s(PO-PA) #,01 BLAS2E70 .
NENN=] STIVEl=0s  SKOUNT=1 BLAS2280
V1=2vo 5LAS2290
c BLAS2300
NsNSAVF aLAS231¢6 -

€ REGIN VENTING LCOP, 2LAS2320
N0 3110 MN=141000 3P12PO-DPl  $G=2GO BLAS2330
I7(P1eGTPA} GO TO 2360 5LAS2340
KOUNT=99  $P1sP0  $GO TO 3210 3LAS2350
, 2360 GO TO (2380+2430) sNEIN 5LAS2360
! ¢ VENTING FOR P1eGT4PC B8LAS2370
§ 2380 IF(P1eLEPCenlideP0eGToPC) P122C 3LAS2380
i DTIMEYI=(PO=PY) /P14 ((2,#G=14)/{24%G))#V1I/A/ 6LAS2390
: 1 SORT(GRAVHGHRINDANR(Y  /G)/DO#(2,7(G+H1e) ) ¥ ((G41e)/{G=14?)) aLAS2400
; GO TO 2470 BLAS2410
‘ € VENTING FOR P1l,LT.PC BLAS2420
; 26430 IF(PlelToPALANLGPOeGT4PA) PlaPA BLAS243C
i GGe(6=141/G BLAS2440
; DTIMELn(PC=P1)/(PI##GGH (P1eGG=PARRGG) #8518V /A/ BLAS2450
, 1 SCRT(GRAVAGHIN2,/(5-14)#(PCRPASR2/DNSRG)##(14/G)) BLAS2460
; 26470 TIMEl=TIUS1+2TIME] BLAS2470
e IFINV.EQN) €O TO 2920 BLAS2480
‘ IFiHeGToNV) GO TO 292C 3LAS249C
IFINOPTVIN)LTe2) GC YO 2920 BLAS2500
€ CHECK TIME AGAIKST VINTING TADLE. BLAS2510
IF(TIMELLLTLTVINI) GO TO 2920 8LAS2520
IF(NOPTV{N)+Z0e2) GO TO 2560 BLAS2530
IF{PloLTPVINI#144e) GO TC 292C BLAS2540
C ADJUST TIME1 TC EQUAL TV, BLAS2550
2567 DTIMELIsTVIN)=(TIMELI-DTIVED)Y 3LAS2560
TIMF1aTV(N) aLAS2570
GO TO (2590426201 +NEON BLAS2580
2590 DP1 =P 18#((3,#G=14)/(2+%G))*5/VI#DTIMELS LAS2590
1 SGRT(GRAVEGH#3#{12088()¢/G)/L01#(26/7(G+10) )RR(1G+1e2/1G=10})} 3LAS2600
GO TO 2650 BLAS2610
2620 GG2(G=14)/0 8LAS2620
CP12PI##GCH (P s 2GG~PASRGG) %4 ,582 V1D FIMEL S 8LAS2630
1 SORTUIARAVEGEEIE1D, /(G=1,114IPN RPARGI/DASRG RE(],/6) 1 PLAS2640
2650 P1=PN~DP1  30VP1=P1-PA  IOVPSI1=CVP1/144, BLAS2650
C REDUCE MAS3ES DUE TO VENTING, 3LAS2660
DIxDI*(P1/PCI#8(1,/5G) BLAS2670
TEMPInTEYPOY(P1/PO)13#(1G=14)/G) BLAS2680
C FRACTIGM LEFT AFTER THIS VENTING STEP. BLAS 2690

FLEFT=D1/00 : 8LAS2700 /
MO2=MCP#FLEFT  SMN2alIN2#FLEFT  3%CO="SCO#FLEFT BLAS2710
MCO2T4CO2#FLEFT  3MH20=¥H20#FLEFT  TH2=MH2#FLEFT BLAS2720
GASLB2R1wV] BLAS2730
GASMOL=N024 0 24NCO+CO24H204MHE BLAS2T40

PRINT 3030,0VPSI1eT[4EL sGASLA#TEMPL 9GaNEON BLAS2750 )

PRINT 2770+MsTINEL 3LAS2760 g

2770 FORUAT(® TINE HAS REACHED TVI#12%)28G12.4) BLAS2770 3

C BEGIN VOLUMF=ARE: CHANAZ SCCTION BLAS278C S

AxASAVN) 8LAS2790 4
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d
CALL MIX(PloVIeTEMP1sGeGASMOLs P29V29TEMP2+G29AIRADD) BLAS2800 :
PlaP2  tV1xV2  STEMPLIsTENP2  $63G1=2G2 BLAS2810 :
MN22MN2+,TCNS#ATRADD BLAS2820 3
MO23M02+02095*AIRADD BLAS2630 K
GASLBE32#4024 284 #MNN2+ 284#MCO+ 44 #MCO2+ 1Be¥MH20+ 24%MH2 BLAS2640 L
ViaV?  $01PS{=P1 /144, BLAS2850 o
N1=GASLA/VY ENP1x(D]~DA)#N] BLAS2860 D
PRINT 2010sVVIN) oV1sAsPIPS]IHG1 BLAS2870 :
NeN+1  SKOUNT=X!MAX2  $GO TO 2970 BLAS2880 H
C END VOLUME~AREA CHANGE SECTIONe BLAS2690 .
< BLAS2900 .
C REDUCE MASSES DUE TO VENTING. BLAS2910 N
2920 D1sDOR(P1/PO)#%(14/5) BLAS2920 :
TEMP1TENPO#(PL/PO)#*((G=14)/6G) BLAS2930 x
FLEFT=D1/N0  SGASLR=D1#V1 BLAS2940 :
MO2=MO2#FLEFT  3MN2sMN2#FLEFT  SMCOsMCCHFLEFT BLAS2950 P
MCO2=MCO2*FLEFT  $MH20=MH2C#FLEFT  SMH2=MH2#FLEFT BLAS2960 g
2970 IF(Pl.EQaPC) KCUNT=KMAX2 BI.AS2970 >
IF(P14EQsPA} KJUNT=KMAX2 BLAS2580 ;
C PRINT EVERY KMAX2-TH LINE. B8LAS2590
IF (KOUNT o NE4X4AX2) GO TO 3050 SKOUNT=Q B8LAS3000
3010 OVPSI1=(P1=-PA) /144, BLAS3010
PRINT 3030,0VPSIX+TIFE]1+GASLB+TEMPL sGoNEQON B8LAS2020
3030 FORMAT(IH +4G12e%sF704016) BLAS3030
IF(KOUNT.EQe99) GO TO 313C BLAS3040
3050 POsP]  SKCUNTaKUUNT+1  3$D0sD1  STEMPO=TEMPL BLAS3050
IF(P1.LE,PAY GO TO 3130 BLAS3060
CALL GAXNMA(TEMPLo+GOsDU%)  $G=GO B8LAS3070 ,
€ RECALCULATE PC wITH NEw Ge BLAS3080 ;
IF(P1eGToPC) PCaPA/({26/7(G+1e) ) #%(G/(G=10))) BLAS3090
IF(P1eLELPC) NFIN=2 BLAS3100
3310 CONTINUE BLAS3110
C END VENTING LCOCP, BLAS3120
3130 tF(NReGTLN) GO TO 730 BLAS3:30
GO TO 570 6LAS3140
C END VENTING SECTIONe BLAS3150
END BLAS3160
0-7
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SUBROUTINE MIX(POsVOsTEMPOsGNsGARMCLY P29V24TEMP249G2+AIRADD) MIX 0010

C MIX THE GASES IR ACJACENT CHAMRERS. MIX 0020
COMMON/VENT/ PVI1C)»sTVI1IC)oVVI10)9sAVI10:+PAV(10)9TAV(10)eNOPTV(10IMIX 0030

1N MIX 0040
V2=VO+VVIN) MIX 0050

C ¥OLES OF AIR IN THE MEx VOLUMEe MIX 0060
AIRADD= (PAVIN) #1446 )#VVIN) /(1545 %(TAVINI+2734161#168) MIX 0070

C ITERATE TO FIND NEW TePsGe MIX 0080
TOTMOL=GASMOL+ATIRADD MIX 0090
DIF1=1.,€E10 SDTEMP=TENPO/1CO. MIx 0loo

C P0s V0o TEiHPCs GO ARE GEFORE NEW VOLUFE IS ADDED. MIX 0110
C P2y V2y TEMP2y G2 ARE AFTER NEw VOLUME IS ADDED. MIX 0120
C FIRST GUESS FCR TENP2e MIX 0130
TEMP2sTEMPO MIX Ol40

NO 240 J=1,100 MIX 0150

P2A= {TOTMOL#1545,/V2)#TEVP2 MIx 0160

CALL GAMMA{TEMP2,4GR24DUM)Y MIX 0170
P2Bx(Gz=14)/V2 #((1s4=1,)%P0#V0 +{GO=14)#PAV(NIRVV(N))/ MIX 0180

1 ((1e6=141%(G0=141) MIX 0190
DIF2=ALS(P2A-P2B) Mix 0200
IF(DIF2,6T.NIF1) 70 TO 250 MIX Oclo

C CONTINUE SZARCH FOR CURRECT TENP2e MIX 0220
TEMP2=TEVP2~-DTEVP  SDIF1=DIF2 MIX 0230

240 CONTINUE MIX 0240
250 P2x(P2A+P?8) /2, MIX 0250
RETURN MIX 0260

END MIX 0z70
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NOLTR 72-231
SUBROUTINE HEDATA HEDAOO1C
C TABLES OF EXPLOSIVES DATA, HEDA0020
COMMON/DATAL /WLE ¢ NUMBER yRLOD 9 CASE s VINITsAINIT o PAMB s TAMBoALTKF T HEDA0O030
1 PCHAMy TCHAMONOPT ¢NVoNRy WFACT +EFORM HEDAQO40
COMMON/WTFRAC/WFCyWFHyWFNWFOsWFA HEDADO60
COMMON /7HE /NUMHE (9 ) +HEFRAC(9) HEDAOQ65
DIMENSION EQWT(40)+EF(40) +FCLLO) oFHILO)oFNCHO)9sFO(4O)sFALLO) HEDAOO70
DIMENSION NAME(40+5) ¢NAMES(S) HEDAOOT5
€ EOWT=EQU(VALENT WEIGHT REFERRED TO TNT%, HEDAOOS8D
C EF=ENERGY OF FORMATION (CAL/G)e HEDACOS0
DATACINAME( 191)9I1=195)=10H(3TH TNT L10H »10H +HEDLOOYS
110H s10H 2139F56,3)) HEDADO096
CATA EOWT( 1)4EFt 1)eFCH 1)oFH( 1)9FNL 1)aFO( 1)eFAL 23 HEDA0100
1 /100 «T78e409 o370y +022s 1859 o4239 6000/ HEDAQ110
DATALINAME( 291)e1s1+5)=10H(37H TNETBs10H »10H sHEDAOL15
110H s10H 913,4F643)) HEDAO116
DATA EQWT( 214EF( 2)+FCL 2)9FHL 2)9FNI 2)4FO( 2)oFAL 2} HEDAGl20
1 /1e13y ~307ely o1869 4017y 42172 45809 4000/ HEDAO130
DATATINAME! 391)eol=145)210H(37H EXPLOWIOHSIVE D 210H +HEDAOQL135
110H 210H 9134F6e3)) HEDAO136
DATA EQWT( 31 4EF( 3)9FCL 3)4FHL 3)9FN( 3)4FOL 3)oFA( 3) HEDAO140
1 /70485 «386e39 293 o025 2279 <4559 #4000/ HEDAO150
DATACINAMEL 49I)eInio5)=10H(3TH PENTO,10HLITE (PETN+s10H/TNT +50/509sHEDAQLSS
110Nj s10H 913,F643)) HEDAO156
DATA EQWT( 4)9EFL 4)oFCL 4)oFHU 4)9FN{ 4)oFOL &) ot L &) HEDAQ160
1 /1e17y =202489 42809 o024y 41829 o514y 4000/ HEOAO170
DATACINAMEL 5¢1)912145)220H(3TH PICRAiCHTOL (EXPLO#10OHSIVE D/TNTHEDAOLTS
110K52/748) s10H s]34F643)) HEDAOL175
DATA EQWT( 51,EFL S)eFCL S5)eFHL 5)9FN( 5)oFOL 5)¢FAL 5 HEDAO180
1 /0090 «238450 4329 0244 <2079 44409 #4000/ HEDAO190
DATACINAMEL 691)912145)=10H(37H CYCLO10HTOL '(RDX/Ts10HNT+70/30) +HEDAOL9S
110H s10H #2134F6e3)) HEDAO196
DATA EQWT( 6)+EFL 6)9FCHL 6)oFH( 6)oFNL 6)oFO( 6)oFAL 6) HEDAO20C
1 /leltse 220799 o225s o0269 03209 <429 4000/ HEDAOG210
DATACINAMEL Tol)eIn1s5)=10H(37H COMP 410HB (RDX/TNTe10H/WAX 9594/ 9HEDAQ215
110H39,6/7140) 910H +134F6.3)) . HEDAOZ16
DATA EQUTL T)sBF 1 TY9FC{ TYoFHU TYIoFNC Thob 3 7)eFAL T) HEDAO0220
1 /1410 4e33y 02529 40269 42989 G424s 4000/ HEDAO0Z230
DATA((NAME! B89o1)s1=21,5)=10H{3TH RDX/Ws10HAXy 9872 »10H sHEDAQ235
110H s10H 3139F643)) HEDAO0236
DATA EQWT( 8)+EF( 8)sFC( B8)oFH{ 8)vFN{ 8)9sFO( B)sFA(L 38) HEDAOQ240
1 /119 57009 1769 40309 o371y <4239 4000/ HEDAQ250
DATAUINAME! 991)91=195)=10H(37H COMP »10HA~3 (RDX/Ws10HAXs91/9) »HEDAQ255
110H 9108 +13+F6e3)) HEDAO256
DATA EQUWTL QI 4EF( 919FC( S19FHU 9)sFN( 9)9FOL 9)sFAL 9) HEDA 0260
1 . /71.09 244939 42259 40389 #3449 L4393y 4000/ HEDAO279
DATA((NAME(1091)91=195)=10H(37TH TNETB410H/ALY 90/10910H 'HEDAOD27S
110H s10H 9134F543)) HEDAO276
DATA EQWT(10)+EFT10)+FCL10)sFHIL0)sFN(JO0)sFOL20)sFAL(LD. HEDAQ280
1 /1¢23y w2T760b9 o168y 40149 41969 45229 4100/ HEDA0290
DATAC(NAME(LLol)e1=195)=10H(3TH TNETBs10H/ALy T8/22+10H +HEDAO295
1104 910H »134F6e3)) HEDA 0296
DATA EQWT(11)9EF(11)eFCILL1)oFH(LI1)oFN(11)oFO(11])oFALILLY HEDAD3G0
1 /1,189 «239e¢59 21469 o012y 1709 o452y 220/ HEDAO310
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DATA((NAME(1241),12145)=10H{37H TNETBW10H/AL,
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T72/28,10M sHEDAQO315
110H s10H 2134F6,3)) HEDAO316
DATA EQNY(IZ)QEF(lZ)oFC(lZIoFH(lZ)vFN(lZ’oFO(lZ).FA(lZ) HEDAO320
1 /118, =22lely o134y 4011y o157, e4184 4,280/ HEDAO330
DATA((NANE(I3QI)’K'1o51'10H(37H TNETBs 1O0H/ALs 65/35,10H sHEDAO 335
1104 $10H 9134F643)) HEDAO 336
DATA EQWT(13)OEF(13)0FC(13)QFH(13)0FN(13)0F0(13)0F‘(13) HEDAQ34D
1 /71423, =199+65 61215 4010« o142y 4377y 4350/ HEDAO3SO
DATA((NAME(1501)01'105)'10”(37“ TRITO,10HNAL {TNT/A+10HL +80/20) +HEDADSS
110M s10H 9134F5.3)) HEDAO356
DATA EQWT(I“).EF(I“)oFC(lQ)oFH(lk)’FN(IQ)OFO(lh)oFA(IQ) HEDA0360
1 /71407, ~624721 02969 o018y o148+ 338, 200/ HEDAO370
DATA((NAME(15OI)DI'I'S)OIOH(37H ROX/As10HL/WAXy 887410H10/2 yHEDAO375
110H s10H s13,F643)) HEDAO376
DATA EOW7(15’-F"(15)0FC(15)0FH(15)OFN(ls)QFO(IS)oFA‘15) HEDAO380
1 /1430, 50e38s 41604 o027y 4333, «380s +100/ HEDAD390
DAYA((NAME(I60!’0Y3105)=10H(37H ROX/A210HL/WAXs 78/4+10H20/2 sHEDAO 395
110M #10H 2134F643)) HEDAD296
DATA EQWT(I6).EF(16).FC(16’OFH(lO)oFNllb?oFOll6)tFAf16) HEDAO400
1 /1632 430769 olbhy o024y o295, ¢337s L2007/ HEDAO410
OAfA((NAME(l7ol)'13105)'10H(37H RDX/A¢10HL/WAXs T4/410H21/5 sHEDADG15
110H +10H +13,F643)) HEDAO4 L6 !
DATA EQWT(I7)|EF(1730FC(17)0FH(17)9FN(17)0F0(17’0FA(17) HEDAO420
1 7130y 29¢369 41635 ,027¢ +280» 0320 L2370/ HEDAO&30
DA’A‘(NAME(160!’01'1’5)'10“(37” RDOX/A910HL/WAX 24/410H22/7¢ 'HEDAQSG3S
1104 210H +1340F643)) HEDAO436
DATA EQWT(lB).EF(IB)QFC(IB)'FH(IO)DFN(IG)QFOCIB)’FA(IB’ HEDAO440
1 /71430, 33428y 41545 L026, 0280+ 4320s L2207/ HEDAO450
DATA((NAME(1901)01’195)310H(37H RDX/7A910HL/WAXs 62/410H33/5 sHEDAQ4S5S
110H +10H 2]134F663)) HEDAD#456
DATA EQWT(!9’0€F(19)0FC(19)'FH(19)OFN€X9)’F0(19’0FA(19’ - HEDA0460
1 /71619 2leb24 4143y o024y 4235, 0268y 4330/ HEDAO479
DATA((NAMEIZOOI)O1’105)'10”(37" TORPE,10MHX I (RDX/ 9 LOHTNT/AL 342/ yHEDAOLTS
110H40/18) 210H 213,F6,2)} HEDAO4 TS
DATA EQNT(ZOIvEF(ZO’oFC(ZO)OFHCZO’oFN(?O)OFO(ZO)OFA(ZO’ HEDAQ480
1 /le24y =3657¢ 42164 4021 233y «350c 1807/ HEDAD490
DATA((NAHE(ZIQX’9!3105)810H(37H H=§ (olOHRDX/TNTIALo10H/NAX965I29’HEDAO“95
110H/21/5) 210H 2134F6.3)) HEDAQG96
DATA EQWT(ZI)’EF(ZI)QFC(ZI)’FH(ZI)oFN(Zl)'FO(Zl)QFA(ZI) HEDAO500 ;
1 /1270 124569 4223y ,025s 2224, «318s L2107 HEDAOS510 p
DATA((NAME(ZZOI’0]‘105)310,’"37}‘ HBX~1410M (RDX/TNT/.lOHAL/WAx.‘Q/.HEDAOSIb P
110H38/17/%) ,10M 2134F6.34 HEDAOS16 k
DATA EQHT(ZZ)OEF(ZZ)QFCCZZ)OFH(ZZ)oFN(?Z)oFO(??)OFA(ZZ) HEDAOS20 p
1 /71621, “22093s o249y 0269 #4221, e334y L1707/ HEGA0530 {
DATA((NAME(23QI)013105)810H(37H HBX=3,10M (RDX/TNT/ 9 JOHAL /WAX 431/ ¢HEDAUS35
110H29/35/5) +10H 4134F643)) HEDAODS36
DATA EOHT(ZB)9EF(23)'FC(23)DFH(23),FN(2330F0(23l0FA(23’ HEDAOS40
1 /1616 =21e83s 02009 <0225 o171y 4257, *3%07 HEDAOS550
DATA( (NAME(2441)y1a145)210M(37H TNETB410H/RDX /ALy 3,10MH9/726/35 sHEDAOS55
110H *210H 2139F6,3)) HEDAOS556
DATA an7(2‘o)OEF(Z‘O)’FC(Z‘O)OFH(Z‘O)DFN(zlt)OFO(Z‘O’OFA(le) HEDAOS60
1 /1le24y “102e69 21159 (0134 ,184, 4338, o350/ HEDAOS70
DATA((NAME(Zsz)ol=lo5l!lOH(37H ALUMT 5 10HNUM »10H 'HEDAODS 7S
1104 $10H +134F6,3)) HEDAOS576
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NOLTR 72-231

DATA EQWT125)¢EF(25)9FCI25)0FH(25)9FN(25)9FO(25)19FA(25)

1 /7 Qe Qe Qe Qoo Oes Oer le/
- DATACINAME(2601) 912195121 0HI3TH WAX o10H s10M
110H s10H 3134¢F6e3))

DATA EQWT(26)9EF126)eFC(26)sFH(26)9FNI26)9FO(26)9FA(26)
1 /7 O¢s =39240 o856 olbiy Qe Oe 0/
DATAC(NAME(2T791)9I=145)=10H(3TH ROX »10H +10H
1104 s10H 9134F643))

DATA EQWTI2T)4EF(2T)oFCI2739FHI2T)9FN(27)+FO(2T)oFAL2T)
1 / Oes 660169 o152¢ «0279 o379¢ o432y Oe/
DATACINAME(2U+1)91=2145)=10H(3TH PETN ,10H o 10H
110H s10H 913+F6e3))

DATA EQWT(28)+EF(28)9FCI28)9FH(28) ¢FN(28)9FO128)9FA(28)
1 /7 Qe =40T7ely 01900 ¢026s o177¢ +607» 0e/
DATA{(NAME(2901)917145)=10H(3TH TETRY,10ML *o10H
110H 210H 9213e¢F6e3))

DATA EQWT(29)+EF(29)9FC(251sFH(29)4FN(29)1sF0(29)+FA(29)

1 / o., 16.26’ 0293. 00170 02‘9‘00 o““69 00/
DATA(INAME(30:¢T)9l2195)=10H +10H »10H
110H 9i0H 913+F643))
DATA EQWT(30)9EF(30)4FC(30)9sFHI3N)WFN(30)+FO(30)9FA(30)
1 / Oes Oeo Oes Oes Qe Oes 06/
DATA(INAME(3191)91%195)=10H +10H *»10H
. 110H s10H 213+F643))
" DATA EQWTI31)EF(31):FCU31)oFHI31)sFN(311sF0(31)sFAL3Y)
1 /7 Geo Oes Oeo Oes Oeo Osr Qe/
DATA(C(NAME(32+1)91=1+5)=10H s10H +10H
: 110H 210H 3134F6e3)) .
i DATA EQWT(32)+EF(32)9FCI132)9FH(32)sFN(32),FO(32)sFAL32)
1 /7 Oes Oeo Oos Qe Oeo O Qe/
DATAC(NAME(33,1)91=195)210H +10H 210H
110H +10H #139F6e3))

DATA EQWTI33),EF(33)9FC(33)sFH(33)4FN(33)sFO(33)4FA(33)}
1 /7 Qoo Oes  Oso Qe O Oes 0e/
DATA({HAME(349])sI=195)=10H »10H »10H
1104 s10H 2139F603))

DATA EQWT(36))EF(34)9FC(34)9FHI34)4FN(24)¢FO(34)9FAL(34)
1 / Qe Oes Oes Qe Qe Qoo Oe/
DATAC(NAMEt3591)91=1¢5)%10H »1C0H +10H
110H 210H 9134F643))

DATA EQWT(35)+EF(35)¢FC(35)9FHI35)9FN(35)sFO(35)9FA(35)
1 ’ “Oes Qe [+ P Oes Qe Ges 0o/
DATA((NAME(36+1)91=195)=10H 210H s10H
110H 210H +134F6e3))

DATA EQWT(36)+EF(36)9FC(36)9FH(36)9FN(36)+FO(36)eFA(36)
1 / Qoo Qe Qe Qoo LIX) Oey 0/
DATAI(NAME(37+1)91x145)=10H »10H s10H
1104 s10H »134F6e3))

DATA EQWTIATIWEF(3TIsFCUI3T)sFHI3TIsFNIAT)oFOL3T)eFALIT)
1 / Qe (1) Qe Qoo Oes Oey Qe/
DATA(INAME(3891)91=21+5)=10H »10H *210H4
116A4 210H 9139F6e3))

DATA EQWT(38)+EF(3B)sFC(38)9FH(38)9FN(38)9FO(38)sFA(38)
1 /7 O Oes Qe Oss Qe Oes Oe/
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HEDAOS580
HEDAO590
+HEDAQS595
HMEDAOS596
HEDAQ600
HEDAG610
sHEDAOG1S
HEDAQG16
HEDA0620
HEDAQ630
+HEDAO635
HEDAD636
HEDAOG6 40
HEDAD650
sHEDAOG5S
HEDAQ656
HEDAO660
HEDAO670
sHEDAOST5
HEDAOGT6
HEDAOGBO
HEDAQ690
+HEDAO695
HEDAO696
HEDAO700
HEDAO710
+HEDADT715
HEDAOT71%
HEDAO720
HEDAO730
sHECAO735
HEDAO736
HEDAOT40
HEDAG 750
'HEDAO 755
HEDAQT756
HEDAO760
HEDAQ 770

‘o HEDAOTTS

HEDAQT776
HEDAO780
HEDAO790
sHEDAOT95
HEDAO796
HEDAO80O
HEDAOBL S
sHEDAOSB1S
HEDAOBL16
HEDAOB2C
HEDAQB30
sHEDAOB 35
HEDAOB26
HEDA0B4O
HEDAQ0BS50
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DATA((NAME(39¢1)912195)=10H 2104 »10H sHEDA08SS 3

110H 210H +139F6e3)) HEDA0856 ~ 7

DATA EOVY(39)oEF(39)oFC¢39)’FH(39)’FN(3919F0(39)-FA(39) HEDA0860 :

Oe o Oeo Oeo Oes Oeo 0o/ HEDA0870 g

oArAt(NAMEtao.xa.l-l.s:-lod *10H +10H sHEDADBTS 3

1104 910H +134F6e3)) PLDAQBTE 3

0A7A Eowt(ao).EF(Aot.FC(aO).Fu«ao».ruc&o:.ro«ao».FA.aO) HEDA 0880 H

/ Oes Oes Qoo Oes Oes Qe Qe/ HEDA0890 E

c HEDA0990 3

IF (NUMBER.EQ.=1) GO TO 1200 HEDA099% i

NsNUMBER  SWFACT=EQWT(N) SEFORMSEF(N)/1000. HEDA1000 4

€ WEIGHT FRACYIONS HEDA1010 :

WFC=FCI(N) SWFH=FH(N) SWFN=FN(N)  SWFOsFO(N)  SWiFA=FA(N) HEDA1020 §

00 1030 L=1,5 HEDA1025 3

1030 NAMES(L)=NAME(NsL)  SPRINT NAMES HEDAL1030 ¢

RETURN HEDAL1050

(o HEDA1190 !

€ MIX UP AN EXPLOSIVE FROM COMPONENTS IN LIST. HEDA1195 ;

1200 EFORMaWFCaWFHxWFN=WFG=wFA=0, SPRINT 1370 HEDA1200 o

D0 1290 1=1,9  SN=sNUMHE(1)  SHF=HEFRAC(I) HEDA1210 §

IF(NsEQ.0) GO TO 1300 HEDA1220 3

DO 1225 L=l,5 HEDA1222 i

1225 NAMES(L)aNAMLU(NoL)  SPRINT NAMESoNoMF HEDAl225 :

EFORM=EFORM+HF #EF (N) SWFCEWFC+HF2FC(N) HEDA1230 5

WFH=WFH4HF#FHIN)  SWFNsWFN+HF#*FN(N) HEDA1240 3

WFOSWFO+HFRFO(N)  SWFASWFA4HFRFA(N) HEDA1250 3

1290 CONTINUE HEDA1290 ;
1300 EFORM=EFORM/1000+ - SRETURN HEDA1300
1370 FORMAT (#OMAKE UP SPECIAL HE MIXTURE~~#/ HEDA1370

HEDA1375

1# NAME# 429X #NUMBER WT FRACH)
END HEDA1400
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SUBROUTINE GAMMA{T4GsU) GAMM0010 f

COMMON/MOLGAS/M02 yMN2 s MCO 4 MCO2 $MH20 s MH2 GAMM0020 7

REAL MO2yMN2yMCOsMCOZ yMH20 sMH2 GAMMO0030 3

€ MO2 ETC ARE LB MCLES BUT UNITS CANCEL HERE, GAMMO040 3

U2u5076+204/T#% 454400057847 GAMMO0060 E

Ube11,515<172,/T##,541530,/7 GAMMOO 70 :

Ub2904T=34T704/T+11600004/T##2 GAMMO080 \

UBZ19,86-597,/T##,5475004 /7 GAMM0090 §

U929446-32904/T+10700004/T#42 GAMMO100 .

Uln1602-65304/T+14100000¢/T##2 GAMMO110 ‘

UsU2#MH2 +U4#MO2+U6*MN2 +UB#MH2 0+U9#MCO+U1 #MCD2 GAMMO120 :

UsU/ {MH24MO2+MN2+MH20+MCO+MCO2} GAMMO130 ;

6=U/(U-1.987) GAMMO140 :
RETURN GAMMO150
END GAMM0160
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NOLTR 72-231

SUBROUTINE GASES(V.AIRMOL+P2+G+TR) GAS 0ol0
INPUT DATA ARE NPRINT oV4AIRMOL oWC o WHoWN WO oWA o GAS 0020
QUTPUT DATA ARE P2+Gs TR9QeMO2 ¢ MN2 ¢MCO 9 MCO29MH204MH2,4 GAS 0030
VeCHAMBER VOLUME (CU FT)e GAS 0040
AIRMOL=LB MOLES OF AIR IN CHAMBER. GAS 0050
P2=OVERPRESSURE IN CHAMBER -DUE TO HE GASES (PSl1). GAS 0060 *
GeSPECIFIC HEAT RATIO OF HE GAS~AIR MIXTURE IN CHAMBER. GAS 0070
TRsTEMPERATURE (IBANKINE) o GAS 0080

STATIC CHAMBER PRESSURE CALCULATION ACCOUNTING FOR AVAILABLE 02. GAS 0090

COMBUSTION PRODUCT SEQUENCE IS5 HZ0» ALZ03s €O CO2, GAS 0100

COMMON/DATAY /WLB oNUMBER ¢yRLODsCASE s VINITSAINIT +PAMByTAMBIALTKFTe  GAS 0110

1 PCHAMyTCHAMINOPT o+NVoNRy WFACTEFORM GAS 0120

COMMON /MOLGAS/MO2 sMN2 4MCO ¢MCO2 »MH20 9 MH2 GAS 0130

COMMON /HEMASS/VWC yaWH s WN o VIO o WA GAS 0140

COMMON/GAS/N14N2sNIoNGoN59N6sNT GAS 0150

1 M1oM2oM3oMUIM59MEIMT o MBIMT e Ro09X2 GAS 0160

REAL N1sN24N3sNGsNSIN6INT GAS 0170

REAL M19M24M3 M4 9MS 9sMEIMT 9MB M9 GAS 0180

REAL MO2+sMN2 9MCOsMCO2 9yMH20 o MH 2 GAS 0190

PRINT 210 GAS 0200
210 FORMAT(#0OPROPERTIES OF GASES—=#) GAS 0210

Q=R2M2=M5=MT72M8xM9=M1 20, GAS 0220
GRAM MOLES CoH24N2+02»AL2 GAS 0230

N1=WC#45346/12¢ GAS 0240

N2=WH#453,6/2, GAS 0250

N3=WN#453,6/28. GAS 0260

No=WO#453,6/32, GAS 0270

NS5=WA#453,6/53,963 GAS 0280

N6=N3+o T905#ATRMOL#453,6 GAS 0290

N7aNo+e2095¢AIRMOL#453.6 GAS 0300
RsGMOLES 02 LEFT. GAS 0310

RaN7-N2/2¢ SIF(ReGTe0s) GO TO 340 GAS 0320

MB=2.%(R+N2/2+) $M22N2-M8  SR=0, $0=57.80%M8 $GO TO 450 GAS 0330
340 M8=N2  $Q=N2#57,80 SR=R=-1,54NS SIF(ReGTe0e) GO TO 370 GAS 0340

MS=(R+1,5%N5)1#(24/736) $0=Q+M5%400.3 SR=0s $GO TO 430 GAS 0330
370 Q=Q+N5#400.3 $R2R~N1 $IF({R«GTe0s) GO TO 510 GAS 0370

RaR+N1/2¢ SIF(ReGT¢0e) GO TO 420 GAS 0400

M9=2,#(R+N1/24) $Q=Q+MI#26,42 SR=0. $GO TO 470 GAS 0410
420 M132,%R  SMIUN1=2,%R  $SQsQ+M1#94,05+¢MI#26442 $R=0e $GO TO 490GAS 0420
430 RESULT=M5/N5  SPRINT 440,RESULT $GO TO 540 GAS 0430
440 FORMAT (% PERCENT LAST PRODUCT (AL203) s# G12,5) GAS 0440
450 RESULT=M2/N2  SPRINT 460+RESULT $GO TO 540 GAS 0450
460 FORMAT(# PERCENT LAST PRODUCT (H20) s G12.5) GAS 0460
470 PESULT=M9/N] SPRINT 480,RESULT  $GO TO 540 GAS 0470
480 FORMAT(#* PERCENT LAST PRODUCT (CO) s® G1245) GAS 0480
490 RESULT=M1/N1 SPRINT 500,RESULT $GO TO 540 GAS 0490
500 FORMAT(# PERCENT LAST PRODUCT (CO2) =% G12.5) GAS 0500
510 PRINT 520 GAS 0510
520 FORMAT(# OXIDATION COMPLETE®) GAS 0520

Ml=N1 $0=04+94,054N1 GAS 0530
540 X2=R4+M2+N6+MB+MI+ML GAS 0540

X3xX2=AIRMOL#453,6 GAS 0550

Q=Q+¢5924X3 GAS 0560

Q=ENERGY RELEASED (KCAL). GAS 0570
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Q=Q+WLB#453 ,6%EFORM GAS 0580
C LB MOLES OF GASES, GAS 0600
MO2=R/45346 SMN22N6/745346 $MCO=M9/453,4,6 SMCO232M1/45346 CGAS 0610
MH202M8/453,6 $MH2=2M2/45346 GAS 0620
DT=100. $01=0. $U=T7, $T=1e8#(TCHAM$273,16) GAS 0630
C INTEGRATE UNTIL T IS FOUND SO ENERGY EQUALS Q. GAS 0640
D0 760 J=1,100 $T=T+DT GAS 0650
CALL GAMMA(ToGsU) S00=(U~1.98T)#DT#X2#,0005556 GAS 0660
Q1=Q1+DQ $IF(Ql.GE.Q) GO TO 780 GAS 0750
T60 CONTINUE SPRINT 770 GAS 0760
770 FORMAT(* T HAS REACHED UPPER LIMITe#) GAS 0770
C CORRECT T SO Q1 HITS Q EXACTLY. GAS 0775
780 T=T=(Q1-Q)1/DQ#DT $G=U/(U~1.98T) GAS 0780
C ABSOLUTE PRESSURE (PSTA) GAS 0785
P2EX2/45346%1,987T87784/144e #T/V $TR=T $P2sP2-PCHAM GAS 0790
TFaT=460. SPRINT B810,TF GAS 0800
810 FORMAT(# TEMPERATUREs DEGREES F =#G12.5) GAS 0810
QPERG=Q/1453.6%WLB) SPRINT 814,QPERG GAS 0812
814 FORMAT(# ENERGY RELEASE(KCAL/G) =%#G1245) GAS 0314
PRINT 83045 GAS 0820
830 FORMAT(# SPECIFIC HEAT RATIO 24G1245) GAS 0830
PRINT 870+P2 GAS 0860
870 FORMAT(* GAS CVERPRESSURE(PSI) 24G1245) GAS 0870
RETURN GAS 0880
END GAS 0890
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DATA R/
1 1447y
2 3465
3 660“0
4 11449
5 2184
é 43849
T 116049
8 322049

DATA ¢/
1 2500¢9
2 7009
3 10000
4 50e0
5 1249
6 3¢5
7 ¢90,
8 25y
9 007’
1 018,
1 005
D012,
3 o0C035,

~N

-

00286,
00884,
027469
093520
3.0369
11449
36466

WA = DD =3

C DURATION OF POSITIVE

C FIRST 23 VALUES ARE DURATION 1F CONTACT SURFACE HAD NOT ARRIVED.
DATA TP/3e90E=594¢30E~5+5e00E~5+5690E=597e¢20E=598¢00E=599¢00E=5»
11002E~491e19E=ly9] ¢28E=~b9lellE=L9]e60E~b9leT6E~Uylo86E~ly]le98E~4s

NOLTR 72-231

SUBROUTINE TNTI(L)
C POSITIVE-PHASE PROPERTIES FOR 1 LB TNT IN SEA-LEVEL AlRe

COMMON/TNTIN/RTNT ¢KMAX1

COMMON/TNTOUT /PTNT o TSTNT o TOTNT o TCTNToPCTYNT oPSLI(40)oT1(40)eT2(40)

1eJJeXIMP}

DIMENSION P(108)¢R(108)+TS(108)9TP(108)+TC{23)
C RADIAL OISTANCE FROM CHARGE CENTER (CM).

hoQ54y 446809
1766, 19400
376l 416400
72409 79409
12549 133,
230, 2514
48349 54649

126069 14004

3900es 425009

780G0es 70000
2000es 1800y
600.» 500¢
15049 12069
400y 3549
10er 940
340 2¢59
¢80, o709
«20s o18,
0060 005’
«015, «012
«004s 0035,
«0N1ICy 2009
«C003s 400025,

00315 40355,
«1082y 1185,
3157y 3714,
141069 14355,
2,735 4,229,
134649 15,059
42,42y 50,42

57009 Tel120s
2167y 25409
46400 48480
85.3, 89,00
14249 1544
26949 28940
64040 6C8e0

1580¢s - 18300

496009 60100

6000e¢s 500009
1500e9 120009
4004 35049
1004 90er
1 P 25¢9
8409 TeOy
2409 1.8
060, 50,
o15, o129

e 04y e035,

e 010, e 009y
«003y 0025,
«0008s +00N7,

«0002s 400018/

C SHOCK FPRONT ARRIVAL TIME (SECY.
DATA TS/ 1e€E=109 s78E=692025E=694652E=-698630E~6910e9E-6914¢8E~6»
152 0E=f . " T 4E«6931e3E=6039¢3E~6049e9E~6960eTE=696863E=6+T7602E~6»
20500t =03 1006E~59113eE~691460E~69163¢E~69186eE=-69220¢E-6+281eE-6>
3293 ¢E=69343¢E=614106E~694T9eE~6951TeE~615640E~6+9629¢E=6+T714¢E=6»
48400E=691e01E~3y1014E~341e30E=391e51E=3,1484E=392+,02E=3+2636E-3,
52¢84E-393032E=3¢3058E=3440e04E~394452E<395019E~396406E~397e40E~3,
68¢38E=-392e59E=39113E~391349E~391542E=~3917¢8E=~3921,7€E=3+264¢0E~3»

00407y 40479,
01392y <1700
045369 45123
16029 147669
“08310 5.783'
16,83+ 194069
62,299 68,81/

OVERPRESSURE (SEC),

902000
2841
52eb0
9340y
17100
316¢0
78149

220000

703069

40004
10009
3000
804
20es
6e0»
leSy
040
010’
e03y
«0089
«002
«0006,

<0587,
01998,
059169
14969,
Te123,
22404y

10669
3000
57¢3
984k
1804
3504
92049
245000
77100

350009
900¢+
250e0

T0e
18¢9
500
132y
035,
e09s
00259
2007,
«0018
«0005

+0659,
02198,
06973
202259
7861,
26018

1240
3209
65«9
105¢ 9
196¢ 9
402e 9
10700
27909
854000

9 9600091010E4491029E4b9)oBTESL9)aTTEFL92404E+402040E+492092E+4y
13621646930 T9E4494064E+U954BE4L96004E+L960TIE+49T7.60E+4980T6E+4
11036006 91274000914420044166400641971006926270069267800093176000+
23913004+46430009512500495725004+6491006975040009891100491010E460
310248E6916444EH e T16E6+2e120E6924342E6/
C INCIDENT OVERPRESSURE (PSI),

3000¢
800e»
190¢ 9
60e 9
1569
&e0»
100
030
e08»
¢029
006
¢0015,
00004

e0758,
02438
8500
2566
93206
32432

INT 0010
TNT 0020
TNT 0030
TNT 0040
TNT 0050
TINT 0060
TNT 0070
INT 0080
TINT 0090
TINT Gioo
TNT 0110
INT 0120
TNT 0130
TINT 0140
TINT 0150
TNT 0160
INT 0170
TNT 0180
INT 0190
TNT 0200
TNT o021¢
TINT 0220
TINT 0230
INT 0240
TNT 0250
TNT 0260
TNT 0270
INT 0280
TNT 0290
TNT 0300
TNT 0310
TNT 0320
TNT 0330
TNT 0340
INT 0350
INT 0360
TINT 0370
TNT 0380
TNT 0390
TNT 0490
TNT 0410
TNT 0420
TINT 0430
TNT 0440
TINT 04%0
TINT 0460
TINT 0470
TNT 0480
TNT 0490
TNT 0500
INT 0510
INT 0520
INT 0530
TINT 0540
TINT 0550

1S TN PN

ROV

D eI X PN S ISt N

e

k.



TR T WP T N AT KRR M RRPLCITrE e = TR0 ¢ A s pt ks AR R NG TR AR S A T T O R R e 2 T T oy T AT
7RG R TANT X

| s e s

, e U —

NOLTR 72~231

22010E=69202TE=22¢95E=0 424 TUE~L32e89E=443,08E=b93¢35E=byIeB0E~4y TNT 0560
33688E~494420E=494¢70E=by «50L=3y ¢52E~3y ¢55E=3¢ +58E~3, e62E=3y TINT 0570
2 & ¢685=39 ¢76E=3¢ ¢83E~3y o90E~3s o99E=3,1-12E=2,1;106-2;,1,25E~3, TNT 0580
E1041E=391e51C=391657€=391065E=341078E~391e84E=3,1,96E~342413E-34 TNT 0590
62624E=392636L=302e52E-342e72€=392e82E~3+3¢00E~-393,17E-393032E-3y TNT 0600
T73e39E=393,45E=392,54E~393,62E~313472E-333e84E~393,90E~343,97E-3¢s TNT 0610
.50055'3'40155-3’40195'3,“0255“30“03“5“3.60605“30‘0“55-30“0“9E'3’ TNT 0620

94452E=3, Qe e Qe Doy Oe» Oes Oes TNT 0630
1 0030090090¢90030e¢90e9009 0¢90090090090090090090¢s TNT 0040
1 0090030090090 90e9009009 Co900e90020e0¢0e/ INT 0650
C TIME (SEC) BETWEEN SHOCK FRONT AND CONTACT SURFACE ARRIVALe INT 0660
DATA TC/ 14E=109s o1E=6s ¢24E=bys o46E=by oB0E~691,10E=6y 1e5E-65 TNT 0670
12626E=69 3¢2E=603095E=69 5¢2E=bs Te5E=691009E~6913¢2E-6915e9E=64 TNT 0680
22002E-692642E=6y 34eE~6y 49¢E=6y 58eE=by TTeE~691166E~644524E~6/7 TNT 0690
C INT 0740
C T1sTIME, T2=TIME SINCE SHOCK ARRIVAL. TNT 0750 ]
FUNL(X19X2)=EXP(ALOG(X]}1+FRAC#ALOG(X2/X1)) TINT 0760 1
XIMP1=TCTNT=0, INT 0770 :
C FIND DESIRED POINT IN TABLES. TINT 0780 |
00 810 JJ=2,108 TNT 0790
IF(RTNTLLT,R{JJ)) GO TO 830 TNT 0800 ;
810 CONTINUE  $JJ=108 TNT 0810 !
C DESIRED DATA LIES BETWEEN R(JJ-1) AND R(JJ), TNT 0820
830 FRACSALOGIRTNT/R(JJI=111/ALOGIRIJII/R(JII=1)) INT 0830
PTNT=FUNLIPIJJ~1)sP(JJ))  SPSI{1)=PTNT INT 0840
C CALC ONLY PSI(1) IF L=0 o TNT 0850
IF(L.EQ.0) RETURN TNT 0860
TSTNT=FUNL(TS(JJ=1)sTSIII)) TNT 0870
TPTNT=FUNLITP(JJI=1)sTP(JJ)) TNT 0880
1F(JJeLEe23) TCTNT2FUNL(TCIJJ=11sTC(JI)) TNT 0890
C FIND SHAPE PARAMETER SIGMA. TNT 0940
! SIGMA=2284/RTNT=495 TNT 0950
: IF(JJeLEe23) SIGMAZ228,/65¢-095 TNT 0955 ]
i T1(3)=TSTNT  $T2(1)=0, TNT 0960 :
‘ PSI(KMAX1)=0e  STI1(KMAX1}=TSTNT+TPTNT  $T2(KMAX1)=TPTNT TNT 0970 g
DO 1030 K=2,KMAX1  SIF(K.+EQeKMAX1) GO TO 1020 TNT 0980 X
TAUsFLOAT(K) /FLOAT(KMAX]) TNT 0990 i
Ple(1e=TAUIREXP(=TAU#(14+SIGMA/(+5+TAU) )} TNT 1000 ;
PSI(K)xPTINT#P]  ST2(K)=TAU#TPINT  STI(K)=TSTNT+T2(K) TNT 1010 %
1020 XIMP1=XIMP1+45#(PSI(K)+PSTI(K~1)1#(T2(K)=T2(K=1)) TNT 1020 4
1030 CONTINUE  SRETURN TNT 1030 :
END TNT 1330
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SUBROUTINE ARDC(ALTKFT4PAMB+TAMB) ARDC0010
C ALTKFTsALTITUDE (KILOFEFT), ARDT0020 °
C PAMB=AMBIENT PRESSURE (PSI)e ARDC0030
< TAMB=AMBIENT TEMPERATURE (C)e ARDCO040
C ARDC0050
ALTZuALTKFT#,3048E3 SALTH=635676640%ALTZ/(635676640+ALTZ) ARDC0060 '
1F(ALTH.GT411000¢) GO TO 100 ARDC0070
TEMP=288,1¢-000065%ALTH ARDC0080
PAMB=144696178/(2884160/(2884160~040065%ALTH) ) ##5,256122183G0T0400ARDCO090
100 IF(ALTH.GT.25000.) GO TO 130 ARDCO100
TEMP=216,66 ARDCO110
PAMB23,28254528/(1049#(0.068483253E~3%(ALTH~11000+01))  $GOTO 400ARDCO120
130 IF(ALTH.GT.47000.) GO TO 170 ARDCO130
TEMP216¢66+04C03% (ALTH=2500040) ARDC0140
PAMB=0+36094654/((1414660+3¢0E~3%ALTH)/216466)%#11,38826473 ARDC0150
GO TO 400 ARDCO160
170 IF{ALTH.GT.53000.) GO TO 200 ARDCO170
TEMP282,66 ARDC0180
PAMB=000174686/(10e%8(0s0526926823E~34(ALTH=47000+0)))  $GOTO 400ARDC0190
200 IF(ALTH.GT479000+) GO TO 230 ARDC0200
TEMP2282466-000045% (ALTH~5300040) ARDC0210
PAMB=28+40408E=~23/((282+66/TEMP) #%7,592176)  $GOTO 400 ARDC0220
230 IF(ALTH.GT.90000+) GO TO 260 ARDCG230
TEMP»165466 ARDC0240
PAMB=1,46198E-4#EXP (~040361647942%(ALTH-7900040)/165466)3G0TO 400ARDCO259
260 IF(ALTH.GT+105000+) GO TO 290 ARDC0260
TEMP=165066+0¢0040% (ALTH=9000040) ARDC0270
PAMB=1,5519E~5%(165.66/TEMP)#%#8,541198  $GOTO 400 ARDC0280
! 290 IF(ALTH+GT+100000s} GO TO 320 ARDC0290
, TEMP2225466+0402% (ALTH=-10500040) ARDC0300
PAMB=1,04442E-6%(225,66/TEMP) ##1,708239  $GOTO %00 ARDC0310 3
320 IF(ALTH/GT4170000¢) GO TO 350 ARDC0320 ﬁ
TEMP=1325,66+0401%(ALTH~=160000+0) ARDC0330 ;
PAMB=S o 14015E-8%(1325,66/TEMP) ##3,4164794 $GOTO 400 ARDCO340 p
; 350 IF(ALTH.GT4200000.) GO TO 380 ARDC0350 ;
; TEMP=1425466+404005% (ALTH=170000¢0) ARDC0360 :
PAMB=4 ¢ 0654E~8%(1425.66/TEMP) #864832958  $GOTO 400 ARDC0370 :
380 TEMP=1575¢66+0+0035#{ALTH=20000040) ARDC0380 :
PAMB=2,0595E~8%(1575,66/TEMP) #49,761369 ARDC0390
{ 400 TAMB=TEMP-273,16  SRETURN ARDC0400
, END ARDCOA10
¢
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